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For the Journal of the Franklin Institute. 
The Bourdon Pressure Gauge. By Joun T. Hawkrns, First Asst. 
Engineer, U.S. Navy. 

On page 365 of the December number of the Journal for 1865, I 
find an article on the Bourdon Pressure Gauge, by John D. Van Buren, 
in which he exhibits very conclusively that one of the causes of the 
motion of the free end of a flattened tube, arranged as in Fig. 1, re- 
sulting from internal pressure, is the tendency of the tube to assume 
a cylindrical form, or rather, a circular form of transverse section ; 
and that the motion produced by an excess of external pressure is 
the result of its tendency to still further depart from the circular form 
of transverse section, in the first case increasing, and in the last di- 
minishing its volume for a constant periphery. 

So far as that demonstration goes, Mr. Van Buren is undoubtedly 
correct ; but he thereafter, in an appended note, attempts to disprove 
the commonly accepted theory of what is certainly one of the causes 
of the motion of the free end of the tube, and thereby falls into a very 
common error: that of making one natural principle solely responsi- 
ble for phenomena really involving several. 

It was not necessary, in order to establish the soundness of his rea- 
soning in the original article, to attempt to upset so unceremoniously 
an equally sound principle, and one that can be easily shown to be one 
of the causes of the known actions of this gauge. 

It is proposed to show that internal pressure does diminish the cur- 
vature of this flattened tube, by virtue of the greater area contained 
in the outer circumference, notwithstanding the statement that this 
would enable us to “make motors (prime) of our boots by tugging at 
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the straps,” and thata hollow crescent with an excess of internal pres- 
sure would “ fly even to its heavenly prototype.” 

Let Fig. 1 represent the tube of a Bourdon gauge, except that a 
transverse section of it be circular, as shown at G; in which case, of 
course, its volume cannot be increased by any change in the form of 
its transverse section. Take any two points cc’ upon the interior, 

and two others a a’, upon 
the exterior circumfe- 
rence, such that the lines 
c a and c’ a’ shall ra- 
diate from the centre 
of curvature A. = Let 
CA, ae, CA, and a’ ¢’ 
represent respectively 
the direction and inten- 
sity of the internal pres- 
sures at those points, all 
being equal. Each of 
these forces may be re- 
solved into two, one act- 
ing vertically and the 
other horizontally. Let 
us see the effect of the 
eight components of 
these four forces. The 
horizontal components a and a’ b’ operate to diminish the curvature 
of the line a¥F a’, acting upon a lever = EF = ver sin of the angle 
CAD for radius = AF. The components cD and c’ D in like manner 
operate to increase the curvature of the line c Hc’, acting upon a lever 
= DH =ver sin of the same angle for the lesser radius an. The 
components a 6 and a’ b’, then, preponderate to diminish the curvature 
of ara’. Again, the components ad and a’ d’ acting vertically ope- 
rate to diminish the curvature of a F a’ upon a lever = @&, or a’ E= 
sin of the angle c A p for radius = AF, while the components c B and 
c’ B’ operate to increase the curvature of cic’ upon the lesser lever 
CD or c’ p = sin of the same angle for the lesser radius Au, the pre- 
ponderance being again in favor of diminishing the curvature of a F a’. 

The result of this is, plainly, to straighten the segment of the tube 
included between the points taken, and yet the sum of the vertical 
components acting upward are exactly equal to those acting down- 
ward, and the sum of the horizontal components acting in one direc- 
tion exactly equals the sum of those acting in the other; so we see 
that the thing would not take its flight in any direction if free to move, 
notwithstanding that there really is a greater area acted upon by the 
internal pressure in the line aFa’ than in Cc’, and that the same is 
the case for every other segment of the tube. 

Now, if the tube have an elliptical transverse section, with the major 
axis perpendicular to the plane of its curvature, the same conditions 
obtain, except that the material of the tube is in such position that 
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it can be straightened with greater facility, the diminished difference 
in the radii AF and AH being compensated for by the increased ma- 
jor axis of the transverse section, with a decrease in the amount of 
material presented edgewise to resist its becoming straightened ; thus 
the operation of the forces shown are the most effective in assisting to 
produce the motions of the gauge, the more the transverse section de- 
parts from the circular form in this particular direction. 

It only becomes a question, then, whether the straightening of the 
tube is brought about most by the tendency to assume a circular trans- 
verse section, in order to increase its volume, or by the operation of 
the pressure upoa the excess of area contained in the outer circum- 
ference. 

Let Fig. 2 represent a semi-circular tube, having a circular trans- 
verse section, as in Fig. 1, the ends a B and a’ B’ being closed, and 
conceive an excess of pressure to exist within it. The sum of the forces 
acting vertically downward upon all the surface comprised in the ends, 
and the inner semi-circumference, may be represented by the project- 
ing line 4B’, and in like man- 
ner those acting upwards upon 
the outer semi-circumference 
by the equal projecting line F 
ry’, the upward and downward 
forces are therefore equal, and 
this form of the instrument 
could not get away from us in 
either of these directions. 

Again, all the forces acting 
horizontally against the interior of the outer semi-circumference may 
be divided into two equal and opposite ones, represented by the pro- 
jecting lines F A and ¥’ Bb’, and in the same manner the forces acting 
horizontally upon the convex surface of the interior semi-circumference 
may be represented by the projecting lines D B and b’ a’; and, there- 
fore, we way release the instrument unconditionally, without fear of its 
betuking itself off to parts unknown. Yet we see that the force repre- 
sented by the projecting lines F A and F’ B’ exceed those represented 
by DB and D’ A’ by the quantity represented by the lines F E and FB’, 
The result of this is clearly that the ends of the tube must be sepa- 
rated by internal pressure, although no alteration in the form of its 
transverse section can possibly increase its volume with a constant 
periphery. This is a natural consequence of the undeniable fact that 
the outer eireumference of a Bourdon, or any other curved tube, 
contains a greater area than the inner one. 

To follow Mr. Van Buren’s own illustration in the appended note: 
Suppose the parallelogram cK B’ £’, Fig. 2, to represent by its sides 
ck and &’ B’ the forces acting horizontally “to push the elementary 
areas ’’ C A’ and H’ B’ “in the direction of the parallel lines”’ c B’ and 
bk “ are equal and opposite,”’ these forces “* being measured by the 
equal projections’ cK and &’ B’, and that the same is the case with 
the parallelogram cK AE and “the elementary areas’? CB and H4. 
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On the same principle the forces represented by the projecting lines 
F E and F’ £’ tend only “to push the elementary areas” IH’ and 14 
asunder “in the direction of the parallel lines” c £ and c k’. 

The lines F E and ¥F’ £’, then, represent the value of two forces for 
which there are no compensating ones in the opposite directions, and 
therefore operate to separate the ends of the tube, acting upon a lever 
equal to one-half the line c 1, by means of the greater area exposed to 
the pressure upon the inside of the semi-circle A HI H' B’, over that 
contained in the semi-circle Bc a’. 

It is to be understood that the writer does not deny that the ten- 
dency of the flattened tube to assume a circular transverse section is one 
of the causes of the motion produced ; for he has seen it proved by 
experiment, that a tube flattened such that the major axis of its trans- 
verse section was parallel to the plane of its curvature, underwent an 
increase of curvature from internal pressure. The position of the ma- 
terial of the tube, however, in this case is most unfavorable to the opera- 
tion of the force upon the excess of area contained in the outer circum- 
ference to straighten it, while it is quite as favorable to an alteration 
of the form of its transverse section as when flattened in the other direc- 
tion. In the case of the true Bourdon tube the two causes operate to 
produce the one result, while in the experiment mentioned they are 
antagonistic, and the operation of causing the transverse section to 
approach the circular form is much easier performed than that of 
making the tube become less convex by the force due to the greater 


area of the outer circumference, and therefore would prevail until, by 
an alteration in the form of its transverse section, the two forces be- 
came equal, from which point the other force would preponderate, and 
the curvature of the tube would begin to diminish. 


On the Law of Density of Saturated Steam Expressed by a New 
Formula. By Tuomas Rowe Epmonps, B.A., Cantab. 
From the Philosophical Magazine, July. 

The expansive force of a unit weight of saturated steam, according 
to temperature, is usually measured by the product of the pressure P 
in pounds to the square foot, multiplied by the volume v in cubic feet 
occupied by one pound weight of such steam. The product P v repre- 
sents the work done or resistance overcome in foot-pounds, and is equal 
to the effect produced by a constant force P pounds driving a piston, 
whose area is one square foot, through the linear space represented by 
the number which expresses V in cubic feet. When the laws of pres- 
sure and volume are both known, the law of expansive force repre- 
sented by the product Pv will be known also, But such a compound 
will not be entitled to the appellation of a third law, if the two for- 
mulas for p and v, when united, do not yield for result a third formula 
equal in simplicity to either of the two constituent formulas. 

The pressure P of saturated steam, appropriate to every tempera- 
ture, from — 80° to + 230° Centigrade, has been satisfactorily and 
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accurately determined through the observations of M. Regnault, pub- 
lished in the year 1847. The law of pressure deduced from these ob- 
servations has been investigated in the Philosophical Magazine for 
March, 1865, and the formula indicating the law has been found tobe 


aa ¢\-* 
hyp. log. ra- { 1—(1 +5) \. 

This formula was directly obtained from the table of pressures 
adopted by M. Regnault, through observing that the differential co- 
efficient of log. P, at any temperature ¢, was always represented by 

dlog.P __ ¢\-2 
_; en (2 +3) ‘ 
the exponent : (=n +1) being equal to the number 2°302585, which 


is the hyperbolic logarithm of 10. 

The first and only satisfactory observations made for determining 
by experiment the density of saturated steam at various temperatures, 
are those of Messrs. William Fairbairn and Thomas Tate. They are 
published in the Philosophical Transactions of the year 1860. The 
difficulties are great in the way of making correct observations on the 
density of saturated steam in free communication with water. Such 
steam has not yet been obtained in a pure state, there being always 
an admixture of water with such steam. Part of the water is suspended 
in the form of cloud or mist, and part is pressed as a film of fluid against 
the sides of the containing vessel. Messrs. Fairbairn and Tate appear 
to have overcome the chief impediments to correct observation by the 
use of their “ saturation gauge.”’ On examining the results obtained, 
it will be found that the law of progression, according to temperature 
for the density as given by these observations, is not much less regu- 
lar than the law of progression for pressure as given by the observa- 
tions of M. Regnault. It will be found that the function of the variable 
t, involved in the law of density, is identical with the function of the 
variable ¢, involved in the law of pressure. The differential co-efficient 
of log. p has already been found to be 


t — 2392585 
a(t) 
a 
It will now be found that the differential co-efficient of log. ¥ is 
t — 2302585 
—a(1+7) 


The constant a for pressure at temperature 100° C. was found to be 
+ °03580. The new constant a, for volume at the same temperature, 
will be found to be — 03265. 

In the investigation of the law of pressure above referred to, it has 
been shown (Philosophical Magazine, vol. xxix., p. 179) that for any 
given interval of temperature, the logarithm of the pressure P of satu- 
rated steam is a simple function of the logarithm of the expansive force 
p, of a unit weight of a perfectly elastic yapor maintained at a constant 
volume. ‘The quantity p being 


7* 
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we get 
log. P = a@ log. p, and P= ea®?, 

The formula for the pressure of saturated steam being P = ea ¢"*!, 
the formula for volume is V = ¢— @, ¢ iog.p; and the formula for the 
expansive force of a unit weight of such steam is 

PV =e (a—a,) 9'%? =e a, 9 ?, 

The value of o in the formula for pressure has been shown to be 
*03580, which represents the rate of increase per degree (Centigrade) 
of the pressure at the absolute temperature 376°, or at 100° on the 
Centigrade scale. In order to represent the law of volume, we have 
to put (for the same temperature) a, — — 03365; and to represent 
the law of expansive force we have to put a, = + °00215. We thus 
obtain the following expressions for pressure, volume, and expansiy: 
force, reckoned from 100° Centigrade : 

P= ea 9'6-?, and log. P = + *08580 » log. p. 

V=a—a, 9'%P, and log. V = — *03365 @ log. p. 

PV=ea,,9'P, and log. PV= + *00215¢ log. p. 

By the aid of the three foregoing equations, any one of the three 
quantities P, V, or P V may be expressed in terms of either of the other 
two quantities. In order to express V in terms of P, we obtain by 
dividing log. v by log. p 

log.V__ 
log.P 
— — < of . 
= — Tp6s89 — — 980044; 
consequently, 
vy — — 200044 


and 
PyY—pP -|- 060056 | 
Similarly may be obtained 
rP=>=vV— 1-06389 


and 
PV=V— 
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According to the notation herein used, the quantities P, v, and pv 
represent ratios of pressure, volume, and expansive force at absolute 
temperature (a + t) to similar quantities at absolute temperature (a) 
degrees. That is to say, P, V, and PV are used to represent quantities 


y 


P V v im 
usually represented by en and arb the quantities P,, V,, and P, V, 
0 v 0 °*o 


being constants determined of, or assumed to be determined, by ob- 
servation for the absolute temperature (a) degrees. The theoretical 
numbers contained in the four annexed tables have been obtained by 
adopting the absolute temperature 376° (corresponding to 100° C.) as 
the fixed point from which the variable (t) is measured. At this point 
p, = 2116-4 Ibs. to the square foot, 2s determined by observation. At 
the same temperature, V, == 26°36 cubic feet occupied by 1 lb. weight 
of water when converted into steam. And at the same temperature, 
p, V, = 2116-4 X 2636 = 55788 foot Ibs. expansive furce exerted by 
1 1b. weight of saturated steam. ‘These three constants P,, V,, and 
(pv), may, however, be more conveniently denoted by the letters u, 
H, and H,, 

In Table I. are exhibited the results of twenty out of the twenty-three 
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Tan_e I.—Volumes of a unit weight of saturated steam at different temperatures, 
as deduced from the experiments of Messrs. Fairbairn and Tate, compared with 
the volumes given by the new formula and by Dr. Rankine’s theory respectively. 


Specific 
volume 
relative 

to water | 

according 

to Fair- Fair- 
bairn and | bairn 
| Tate. land Tate 
| | 


Volume of one pound weight 


Temperature. 
according to 


Pressure of 
saturated 

steam ac- 

cording to 
|Fahren- Centi- Regnault. 

heit. | grade. 


{ 


| 
Ditfer- New 
ences. | furmula. 


tankine 


| Atmospheres. | / Cub. ft. | Cub. ft. Cub. ft. |C 
8: 32°56 123-07 


SSUINSSS 
orto @ orto 


60-19 
59-43 
- 55-20 
8051-0 S-s7 | : 47°30 
2623-4 2-02 ‘ 41-85 
2149-5 b4°45 | . 33°9% 
943°1 
908-0 
892-5 


mir Co lS OF CO 


—] <3 +17 


10-96 
10-29 
9-98 
9-16 
8-14 
.. 760 
+ ° 02 | 7-04 


* Instead of 15-61, stated in error by Dr. Rankine. 
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experiments on the density of saturated steam made by Messrs. Fair- 
bairn and Tate. Three of the experiments made at high pressure and 
numbered 9’, 10’, and 14’, respectively, have been excluded because 
the particulars given of these experiments show them to have been 
defective. Nine of the selected observations were made for tempera- 
tures below 100° C. In the last column of this table are given, for 
purposes of comparison, the densities of saturated steam at corres- 
ponding temperatures according to Professor Rankine’s theoretical 
tables, as stated by himself in a paper communicated to the Royal 
Society of Edinburgh in the year 1860. In that paper Professor Ran- 
kine expresses his opinion that the results of the experiments of Messrs. 
Fairbairn and Tate are in near accordance with his own theoretical 
tables at all temperatures. He adds, however, that at temperatures 
above 100° C., the aggregate of experiments indicates an excess of 
density above the theoretical density. This excess he states to amount 
on a average to ‘27 parts of a cubic foot, being the difference between 
the experimental and theoretical volumes occupied by 1 lb. weight of 
saturated steam. It will be found on reference to the column of dif- 
ferences in the table annexed, that the above discrepancy has been 
reduced to one-fifth part of a cubic foot. This has been effected by 
excluding the three defective experiments mentioned, and by correct- 
ing an erroneous number given by Professor Rankine. 

In the year 1850 M. Clausius published a formula, by means of 
which the density of saturated steam may now be calculated. This 
formula is given in the Philosophical Magazine for August, 1851, at 
page 107. It contains two quantities which are superfluous, as they 
are not found in the new formula above given. Nevertheless, the re- 
sults yielded by M. Clausius’ formula for volume are nearly identical 
with the results of the new formula for volume. M. Clausius deduced 
his formula from a theory of the moving force of heat originating with 
M. Carnot in 1824, and improved by M. Clapeyron in 1834. 

The formula of M. Clausius is an expression for the latent heat of 
saturated steam relative to water (L), in terms of Joule’s mechanical 
equivalent for a unit of heat (J), absolute temperature (a + f), excess 
of volume of a unit weight of saturated steam above volume of same 


weight of water (v —v), and the differential co-efficient hl If v be 


omitted as insignificant and within the errors of observation, the for- 
mula of M. Clausius may be written thus: 


1 dp 
L= 7 (¢+#)vo.- 


The value of a obtained from the new formula for pressure has 


been shown to be 


rey 


If this value be substituted in the formula of Clausius, we shall have 
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In the preceding equation the variables L and P v represent ratios to 
constants L, and Pp, V,. The actual latent heat is represented byL x L,, 
and the actual expansive force by P V X P, V,. On substitution of these 
values in this equation, we get 
—n 


1 
LX ly= ).aaPv XP, Vp 


or, separating variables from constants, we have 


If ¢ = 0, we have 
PV=1, p-* =1, and L,=—1; 
consequently, 
pal 22% y, 
J Ly 
that is, 
0358 < 376 & 2116-4 « 26°36 
ica 5365 
The quantity J, whose value has thus been determined to be 1599-7, 
is the mechanical equivalent in foot-pounds of a Centigrade unit of 
heat, the corresponding equivalent for a Fahrenheit unit of heat being 
777 foot-pounds. The value of such mechanical equivalent, as deter- 
mined by Dr. Joule, is 1389-6 for a Centigrade unit, or 772 for a Fah- 
renheit unit of heat. If the constant v, be assumed to represent 26°17 
cubic feet instead of 26°36 cubic feet, the resulting value of J will be 
identical with the value adopted by Dr. Joule himself. 
It having been fonnd that 
ad t, Vv. 


laaP Vo 
= °° py p-® and J= — : 
J L I ; 


it follows that 

L= PVp- ? 
an equation which represents the corresponding values of 1 and P Vv, 
when the latent heat, as well as the expansive force at the absolute 
temperature a, whence ¢ is measured, are taken equal to unity. 

Ly means of the last equation and the formula for p v in terms of 
log. p, the latent heat may be expressed tm terms of the differential co- 
eflicient of the expansive force py. The formula gives on difleren- 
tiation, 

d.log. PV “ d.log. PV 
2 log. p nt PB OF PV 
SP 


consequently, since 


=a, @PVp~*; 


d. log. p 
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So d log. PvandL=PVp-®* 

d.pv 

d.log.p 

that is, the latent heat of saturated steam (relative to water at the 

same temperature) is equal to the differential co-eflicient of the expan- 
sive force PV, divided by a,, a (= *80840). 

By means of the differential co-efficient of log. pv above given, we may 
find the temperature at which d.log. pP V becomes equal to d. log. p ; 
that is, the temperature at which the rate of increment of the expansive 
force of aunit weight of saturated steam is equal to the rate of increment 


—=a,aP se =a, 4L=> 80140 L; 


T ase II.—Volumes occupied by a unit weight of saturated steam at different tem- 
peratures, according to the new formula, the formula of M. Clausius, and the for- 
mulavf Dr. Rankine, respectively. 


v <M. 


Temperature. 
Volume of one pound weight of satu- 
Relative vol- rated steam according to 
ume accord- 
ing to new 
Fahren-| Centi- | Abso- | formula. New 
grade. | lute. | | formula. 


: : : 
Clausius. tankine. 


Cubie feet. Cubie feet. | Cubic feet. 
12260 3258 8350 8390 
6400 1687 722 1732 
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of expansive force of a unit weight of a perfectly elastic gas maintained 
at a constant volume. Since 
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TantE I1I.—The expansive force of a unit weight of saturated steam at different 
temperatures, according to three different formulas, compared with the expansive 
force of a unit weight of a perfectly elastic gas maintained at a perfect volume. 


| | t 
Temperature. | p=1+ PY. Pu H,, 
a | 


|Relative expan- telative expansive Absolute expansive 
| sive force of a force of a unit weight force of one pound 
| unit weightof of saturated steam. weight of saturated 
a perfectly elas- steam, 

tic vapor occu- 

pying a con- New ie } 
stant volume. | formula, | ©/#usius. 


Centi- 
grade. — 


| 
New 


> os 
iotenle Rankine, 


Ft. lbs. Ft. Ibs, 

7351 =| “TH! 41008 41589 

“T7966 | hay 42769 43170 

‘T9700 | SOR | 44461 44730 

“R261 “R34 46085 46250 

“S541 “86 47646 47720 

*88uU9 | “8847 49145 49160 

“9067 | “GOL 5OSR3S 5560 

Y315 | “9326 51964 | 51940 

"9552 | “95! 53291 53250 

9781 | - 54564 54520 

1-000) “LODO 5STRS H5TRE 

1-0266 “211 | “0: 56064 56960 

1-0532 | JO414 : 5 HROUS 58130 

0798 | 140608 | 1-06 59182 59240 

1064 OTU65 | . 60228 60300 

330 10976 | “O98 1 61235 61320 

1596 “1150 “1157 62204 62330 

“1862 1317 “1319 63138 63260 

-2127 1479 “1479 64037 64180 

232% | , 1625 64904 65040 

O60 , “1766 65740 65860 

1-2026 92 “1804 66546 66670 

1-3191 *2U6 2016 | 67236 67470 
1-3457 2208 | 1-2126 68077 | { {not 
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d.log. PV por ie t \ —1'302685 

ce pt eee (1 * sis) 
we shall have d. log. PV = d. log. p, when 

t — 1302585 
(1+575) = -80840, 
316 

The value of t, which satisfies the above equation, is negative, and equals 
— 56°. Consequently, the absolute temperature at which d. log. PV 
= d.log. p is (376 — 57) or 820°, which corresponds to (3820 — 276) 
d.log. PV 
d. log. p 


than unity for all temperatures above 44° C., and greater than unity 
for all temperatures below that point. 


or 44° of the Centigrade thermometer. The ratio is less 
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In Tables II. and III. the values at different temperatures of v and 
PV, given by the new formulas, are compared with similar values ob- 
tained from the published tables of Professor Rankine, and with simi- 
lar values obtained from the formula for volume by M. Clausius, in 
combination with the new formula for pressure of saturated steam. 
On comparing together the three series of results, it will be perceived 
that for all temperatures above 60° C., the three series of results may 
be said to be identical with one another. At temperatures below 60° 
C., the two series of M. Clausius and Professor Rankine continue to 
agree with one another, but they disagree slightly with the results of 
the new formula. This disagreement arises from the circumstance, 
that the first two series of results are regulated by the law of latent 
heat adopted by M. Regnault, which law is in complete accordance 
with the formula L = P V p—" for all temperatures above 60° C., whilst 
it deviates slightly from such formulas for all lower temperatures. 

In Table IV. will be seen, for various intervals of temperatures from 
0° C. to 220 C., the relation between the numbers for latent heat given 
by M. Regnault, and the true numbers for latent heat which flow from 


Tanie 1V.—The latent heat of saturated steam according to M. Regnault, com- 
pared with the latent heat deduced from the formula of M. Clausius, which is 


dp 
L=-(a+t)v 5 =PVp—™ X by a constant. 
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| 

Temperature. ie a s 
| Latent 

__— | heat, (Differ- 

(Reg- — ences. 


nault. 
| Centi- | Abso- )| 


crade, lute. 


| 5 
| 


PVp—" pyvp—® 636°5. 


Units of heat. | Units | Units 

? ° of heat. \of heat. 
0 276 -4959 | °735 10996 589-9 | 606-5 

20 296 | 18656 ‘TOTO | 1-885 583-9 | 692°6 | 
40 816 23 “R541 «10711 574-7 | 578-7 
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140 416 | ‘8766 1-0796 9464 | g ‘7 508-0 | 
160 | 486 | 4246 | 1:1150 | +9195 | a 493°6 | 
180 456 | + ‘ 11479 “BOL 79° 479-0 | 
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| 
} 
| 
| 
| 
{| 20 | 476 | -7355 | 11784 | -8667 iS: 4650 |4. 
| = 496 | 6971 | 1-2068 | -8413 | 449-4 | 20 


the adoption of M. Clausius’ formula for volume, in combination with 
the new formula for pressure of saturated steam. It will be seen that 
for all temperatures above 60° C. there is no appreciable difference 
between experimental and theoretical numbers. At temperatures be- 
low 60° C. there is a slight discrepancy between the alleged experi- 
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mental numbers and the theoretical numbers. On a reference, how- 
ever, to the account given by M. Regnault of the various unsatisfactory 
experiments which he has made for temperatures below 60° C., there 
will be found no ground for believing that the new law for latent heat, 
(expressed by the equation L = PVp—",) which is indisputably true 
for all temperatures above 60° C., is not also true for all lower tem- 
peratures. (See Mémoires de l Académie, vol. xxi., pp. 712 and 722.) 

The latent heat of saturated steam adopted by M. Regnault is de- 
duced from a well known empirical law propounded by him, as afford- 
ing a near representation of the total heat absorbed by a unit weight 
of saturated steam during its conversion from water and its elevation 
in temperature from 0° C, to ¢° Centigrade. The total heat is called a, 
and the formula is 

a= 606°5 + *305¢, 
this quantity representing units of heat for temperature measured by 
the Centigrade thermometer, and a unit of heat representing the quan- 
tity of heat absorbed by a unit weight of water on elevation of its tem- 
perature from 0° C. to 1° Centigrade. The latent heat is obtained 
by subtracting from the “ total heat” («) the number of units of heat 
absorbed bya unit weight of water whilst its temperature is being raised 
from 0° C. to t® Centigrade. For example, if t= 200° C., then we 
have 
2 == 606°5 + -305 « 200 = 667°5. 

From this number is to be deducted the heat absorbed by a unit weight 
of water whilst its temperature is being elevated from 0° to 200° C, 
This is 200 units of heat, together with 3-2 units addition made for 
‘increased specific heat or capacity of water at 200° C. We have, con- 
sequently, the resultant latent heat of saturated steam at 200° C. = 
667°5 — 203-2 — 464-3 units of heat, which is the number adopted by 
M. Regnault, as stated in the last page of vol. xxi. of the Mémoires 
de T Académie, Ke. 

The lowest average temperature at which observations on latent heat 
were made by M. Regnault was + 10°C. Atthis point the latent heat 
observed is stated to have been 599-5, whilst the new formula would 
give O8T7*4 Centigrade units of heat. The difference 12:1, which is 
the maximum difference between theory and a selected series of ex- 
periments. M. Regnault remarks that the difficulties are great in 
obtaining results to be relied upon from observations on latent heat of 
saturated steam made at temperatures below 6U° C., or at pressure 
less than one-fifth of an atmosphere. He says that he has tried vari- 
ous methods of observation at these low temperatures. He assigns no 
reason for the preference given to the method of observation finally 
adopted, and he expresses no confidence in the results which he adopts. 
In speaking of the “total heat’’ adopted for the lowest temperature 
observed, + 10° C., M. Regnault says that he “believes that it will be 
found not very far from the truth.” 

M. Regnault’s table of latent heat is mainly dependent on his em- 
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— law for ‘total heat’ expressed by the formula A+ Bf. This 
aw is of extreme simplicity, and for that reason the chances are very 
much against its being true for the entire range of temperature from 
220° C. to 0° C., to which M. Regnault tries to make it apply. That 
it should be found to be true from 220° C. to 60° C., is something ex- 
traordinary, and ought to satisfy all reasonable expectation. There 
is, however, a good reason for anticipating failure in this empirical 
Jaw when extended to low temperatures. The point of temperature 
wheye the suspected failure occurs is not very distant from a remark- 
able point of temperature (44° C.) indicated (as already stated) by 
new formula by P v, where d. log. pv = d. log. p. It is highly im- 
probably that an empirical law so simple as A+ Bt should indicate 
correctly the ‘total heat’ for ranges of temperature below this re- 
markable point (44° C.) as well as for ranges of temperature abou 
this point. 


On the Adhesion of Locomotive Engines and Certain Expedients for 
Increasing or Supplementing that Function.* By Vauauan Pev- 
DRED, C.E. 

From the London Mechanics’ Magazine, November, 1865. 

The following is an abstract of a paper upon the above subject which 
was read before the Society of Engineers on Monday evening last: 
The author commenced by pointing out that the subject of the paper 
was one of the most important connected with the locomotive, but that 
very little precise information existed respecting it. He then pro- 
ceeded to show that the motion of the engine was not alone due to the 
thrust of the crank-shaft on the brasses, but also directly to the pres- 
sure of the steam on the cylinder lids. He then considered at some 
length the theories of friction, pointing out the anomalies which exist 
between them and the laws of adhesion as determined by Bochet. The 
author continued: It would appear that if adhesion is to be relegated 
to the domains of friction at all, it must be classed under the head of 
static friction, or, as it is sometimes called, the friction of repose. 
When one surface rests upon another with any appreciable weight or 
pressure, we know that a peculiar resistance, assumed to be distinct 
from that due to vis inertia, will be encountered if we attempt to slide 
one surface over the other. There is some little difficulty met with in 
conducting such investigations, as it is not easy, although quite possi- 
ble, to avoid confounding the resistance due to inertia with that of 
statical friction, and for this reason, perhaps, the results obtained by 
different experiments manifest considerable discrepancies. As matters 
stand, we are told upon the one hand by Morin, Rennie, and most 
other writers on the subject: 1st. That the co-efficient of the friction 
of repose is greater in all cases than that of the friction of motion. 
2d. That when no lubricant is interposed, the friction of any two sur- 


* It is the intention of the author of this paper to publish it in extenso. 
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faces (whether quiescent or in motion) is directly proportional to the 
force with which they are pressed together; that is to say, a double 
pressure gives double friction, triple pressure, triple friction, and sa 
on. 3d. That when no lubricant is interposed, the amount of the 
friction is in every case wholly independent of the extent of surfaces 
in contact. 4th. That the friction of motion is wholly independent of 
the velocity of the motion. Now, it so happens that it has been known 
in a rough way for some time that these conclusions are not borne out 
in locomotive practice. It is generally understood, for example, that 
the co-efficient of adhesion increases in a more rapid ratio than the 
weight. Indeed, I believe George Stephenson was the first to call 
attention to the fact. But the character as experimentalists and phi- 
losophers possessed by such men as Morin and Rennie, puts it out of the 
question that we should dispute the general accuracy of the conclusions 
at which they have arrived, as given above. We shall get over the dif_fi- 
culty by remembering that all their experiments were confined to cases 
in which the surfaces did not sensibly cut into or abrade each other— 
to pressures less, indeed, than 500 Ibs, or 600 lbs. per inch; and itis, 
therefore, quite possible that they may be strictly accurate in their 
deductions as far as these weut, while another series of experiments, 
commencing where they left off, and including great pressures, would 
give very different results. 

The only really valuable investigation of this kind, of the existence 
of which I am aware, is that to which I have already alluded as hav- 
ing been conducted by M. Bochet, and this finds its true value in the 
fact that it was carried out under such conditions as obtain in every- 
day railway practice. M. Bochet’s experiments were conducted upon 
cases of sliding friction only, at all velocities between 0 and 27 yards 
per second, or about 56 miles per hour. They were made with various 
materials, iron of different degrees of polish, woods, hard and soft, wet 
and dry, resinous and not resinous, on leather and gutta-percha, and 
with contact surfaces of very different dimensions. In all cases the 
frictional surfaces appear to have been dragged under the known 
weights of certain railway wagons, over the surfaces of the rails in 
various states, wet, dry, rough, oiled, polished. We have not time to 
go into the details of these experiments. I can only refer those desir- 
ing minute information to M. Bochet’s memoirs addressed to the Aca- 
demy of Sciences of Paris. The results, however, are very remarkable, 
They have been printed in a very condensed form in one of our sci- 
entific periodicals ; sufficiently at length, however, to answer our pur- 
pose, and I cannot do better than give them to you as they stand in 
the pages of the Practical Mechanics’ Journal. 

“Ist. Friction, under conditions apparently perfectly identical, is 
never precisely alike, so that its amount cannot be represented by a 
well defined curved line, but by a zone through which a mean curve 
may be regarded as the nearest co-efficient. 2d. Friction diminishes 
with the velocity, other things being equal. 3d. Friction varies with 
the surface rubbed, other things being equal, or (and this is very im- 
portant) with the specific pressure. ‘The limits are very small when 
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the pressure and velocity are small, but become sensible when either 
is great." M. Bochet’s fourth statement apparently conflicts with the 
every-day experiences of locomotive engine-drivers. It is simply that 
with iron on iron rails, the friction is the same whether the rails be 
dry, moist, or even greased. ‘Sth. The state of polish powerfully 
affects the friction of iron on iron. 6th. There is no special increase 
of friction on starting from rest to motion, except for wood or leather 
on moist or greased rails. With iron on iron rails, dry, moist, or 
greased, the statical friction is precisely the same as the friction of 
motion while the velocity is low. The statical friction is greater, how- 
ever, at high velocities.” 

There are three physical conditions, viz: molecular attraction, 
roughness of surface, and speciality of abrasion in rubbing, which, 
acting more or less together, appear to M. Bochet sufficient to account 
for all his observed facts. He assumes the co-efficient of adhesion to 
amount, in the case of smooth, bright wheels on rails in the same con- 
dition, to at most from *3 to °2, less a third very small co-efficient, 
depending on the quality of the metal, so to speak, and variable cir- 
cumstances impossible to reduce to a general law. In other words, 
the co-efficient of no two wheels, no matter how apparently identical, 
will be precisely the same. For ordinary circumstances, wherein the 
rails are neither very brightly polished nor very smooth, M. Bochet 
gives the co-efficient of adhesion as varying from *4 to *25. It is un- 
necessary that I should enter into any consideration of the numerous 
results which he has obtained from experiments with other substances 
than iron. 

The author then proceeded to consider the extent of areal contact 
surface, and detailed certain experiments made with a view to deter- 
mine its amount in the case of engines, with drivers varying from 5 
feet to 6 feet 6 inches in diameter, carrying loads of 5 tons to 5-5 tons 
each, and fitted for the most part with steel tires, if not quite new at 
least in fair order. The method pursued was very simple. A part of 
the rail being well cleaned, the engine was brought over this spot, anil 
two thin strips of thin, stiff paper, or, better still, thin rolled sheet 
iron, ;y/55 inch thick, were placed on the rail, one in advance and 
the other in the rear of the vertical line descending from the axle 
through the point of contact. These slips Were then brought as closely 
together as the wheels would permit; that is to say, they were, so to 
speak, wedged under the tire until the space between this last and the 
rail became so narrow that metal or paper could go no further. The 
distance between the nearest edges was then measured, and was taken 
to represent the length of the area of contact with the rail approxi- 
mately. Samuelson used gold leaf just as the author used sheet iron 
and paper. Now, it must be remembered, that so Jong as as the tire 
is removed from the rail by even the thickness of a sheet of paper, no 
contact exists; and it is also clear that the curve of the tire near the 
point of contact and the surface of the rail very closely approximate 
to the condition of parallel lines; in other words, the curve of the tire 


and the line of the rail subtend so small an angle, that we are justified 
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in considering that a considerable deduction may be made from the 
length of contact surface, as given by these experiments. Now, the 
mean of six distinct experiments carefully enough conducted gave the 
distance at 1g inch. It is true that in one other instance the distance 
was as great as 2} inches, but this occurred with a tire a good deal 
worn, and soit happened that the part just beneath the balance weight 
within the rim was the place selected to rest on the rail, and here a 
flat existed, due possibly to the well known influence of the weight 
when in rotation. After making every allowance and deduction, we 
may safely assume that, with a good rail well supported, and steel 
tires in fair order, the contact surface does not measure more than 1 
inch in length, while its breadth may average 1} inch, say 2 inches, 
These numbers multiplied into each other give us a superficial area of 
contact of two square inches. The loads, therefore, must in practice 
exceed 2°5 tons per square inch as a rule. They considerably ex- 
ceeded 1 ton, and were, therefore, in excess of the pressures experi- 
mented upon by Morin, Rennie, &c., and the foregoing data fully bear 
out the assertion. Furthermore, the pressure over the entire contact 
area is not constant; it rises from nothing towards the edges to a 
maximum near the centre of the area, where doubtless pressures equi- 
valent to five and six tons to the inch may exist. 

The value of the co-efficient of adhesion was then considered by the 
author, which in his opinion was usually underestimated. In proof 
of this opinion he adduced several illustrations selected from the per- 
formances of engines both here and abroad. After noticing at some 
length the various schemes which have been advanced from time to 
time for increasing adhesion; such as Blenkinsopp’s rack rail and 
Brunton’s feet, Kc., he came to the consideration of more modern im- 
provements in this direction. To follow the author; Up to the year 
1835 rack rails and mechanical feet were the popular devices for over- 
coming the difficulty, to which we may, perhaps, add Chapman’s chain, 
which, after all, is but a modification of the rack. After atime it came 
to be understood that smooth tired whee]s and smooth rails could alone 
meet the mechanical exigencies of the railway system, and to Messrs. 
C. B. Vignoles and John Ericsson must be attributed the honor of first 
practically reconciling the conditions—-smoothness of gripping surface 
with increase of adhesion. Their patent was taken out as far back as 
the year 1830, but it received little or no attention at the time, possi- 
bly because racks and feet held full possession of all the favor which 
could be spared from the smooth tire, Indeed, until the date of the 
trials with Mr. Fell’s locomotive at Whalley Bridge, very few engi- 
neers knew anything whatever of the invention by Messrs. Ericsson 
and Vignoles of the only system which, at the present moment. holds 
out a prospeet of enabling locomotives to work gradients of more than 
1 in 20 with economy and certainty. A very few words will explain 
the whole principle. The adhesion of a locomotive is a result of the 
forcible contact of its wheels with the rails, the force being due to the 
Weight of the machine. Adhesion, therefore, is so far limited by the 
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weight of the engine. But it is obvious that a wheel may be forced 
against a rail by other agencies as well as mere weight. Thus, a cen- 
tral rail being provided, two horizontal wheels may be made to grip it 
between them, precisely as the rolls of an iron mill seize a bar; and 
if these wheels are pressed together with sufficient force, and are caused 
to revolve, the engine will be compelled to move forward; and this 
ressure may be quite independent of the weight of the machine. In 
essrs. Vignoles and Ericsson’s engine the central rail is gripped be- 
tween two horizontal wheels. On the upper end of the shaft of the 
larger of these is fitted a bevel wheel, taking into another bevel wheel 
on the crank-shaft. A beam is affixed to the frame of the engine ; it 
carries the bearings of the gripping wheels. Those of one, the smaller 
of the two, are fitted with a species of lever arrangement easily under- 
stood, by which it was to be forced against the rail, in order that the 
adhesion of the larger wheel might be called into play. The inventors 
ty ap to employ manual power, which would be obviously insufficient 
or the required purpose. This fact, of course, does not affect the gen- 
eral principle. The author continued: Mr. Fell had taken out a pa- 
tent early in 1863 for the use of the mid-rail, somewhat as proposed 
by Vignoles and Ericsson. In saying this I do not wish to detract 
from Mr. Fell’s originality. Indeed, I think it very possible that, 
considering the obscurity enwrapping the inventions of both Ericsson 
and Sellers, he believed himself to be the true and original inventor of 
the scheme. Shortly after he secured his patent, the subject was taken 
up warmly by Mr. Brassey, and Mr. Alexander, of the Canada Works, 
Birkenhead, was consulted on the practicability of constructing an 
engine on Mr. Fell’s system. The result was‘that an order was given 
for the building of an engine without delay. In fact, every other con- 
sideration save promptitude was put on one side, and, as often happens 
in those cases, no time was left for working out the designs. Mr. Al- 
exander took the matter in hand, and an engine was built. This engine 
weighs, loaded, 14 tons 10 ewt., the boiler is 7 feet 9} inches long, 
and 2 feet 9 inches in diameter. It is fitted with 100 tubes, 1} inch 
diameter, externally. There is a heating surface of 420 square feet 
and a grate area of 6 feet 6 inches. It will be seen that the engine 
has four cylinders, two outside, 11} inches diameter, with 18 inches 
stroke, working four coupled vertical wheels, on which the entire 
weight of the machine is supported, 2 feet 3 inches in diameter. There 
is nothing remarkable in any respect about this department of the ma- 
chinery, and we may, therefore, dismiss it without further notice. Be- 
neath the centre line of the boiler, and at considerably higher level 
than the outside cylinders, two others, 11 inches in diameter and 10 
inches stroke, are fixed, facing each other. The valve chests are placed 
below the cylinders, and the valves are put in motion by a link much 
the same as that ordinarily used, except that it is curved the reverse 
way, although movable, because the eccentrics are not both on the 
same shaft. Below the carriage are fitted eight axle boxes carrying 
four vertical shafts of great strength. On the upper ends of each of 
these is keyed a crank. The pins ef these cranks are laid hold of by 
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rods coupling them in pairs. On the lower ends of the shafts are keyed 
four horizontal driving wheels, 1 foot 4 inches in diameter, which, as 
arranged, grip between them the mid-rail. This rail is the ordinary 
double-headed variety, bolted to suitable sleepers. The eccentrics for 
working the valve of the leading cylinder are keyed one on each of the 
forward grip wheel shafts. Those for working the valve of the after 
cylinder are in like manner keyed one on each of the trailing shafts. 
A flat iron table is bolted to the frame to support each link. The links 
are provided with suitable bosses to slide on these tables. Reversing 
is simply effected in the usual way from the foot-plate. The eccentrics 
for the outside cylinders are keyed on the leading horizontal axle, as 
they could not be provided for elsewhere. 


(To be continued.) 


For the Journal of the Franklin Institute. 
Moment of Inertia of Surfaces. By De Vouson Woon, Prof. C.E., 
University of Michigan. 

In the investigation of the resistance of beams or columns, the moment 


of inertia of the transverse sections plays a very important part. We 
may always deduce the moment of inertia of a surface from the well 


known expression Iv dy dx; but we may often facilitate operations 


by deducing from it some general rules. It is my purpose in the fol- 
lowing article to give a general discussion of the subject, and apply 
each principle in the development to the solution of a problem. 


GENERAL EXPRESSION. 


The moment of inertia of a surface is the sum of the products found 
by multiplying each elementary area by the square of its distance from 
any assumed axis. 


Let da = an elementary area. Fig 
y = its distance from the axis. 
and 1=the moment of inertia of ( & 
the surface. 'y 
Then, according to the definition, i 


y'da = the moment of inertia of an element, ale 2 ' 
and I =f'yas, : ; ‘ (1.) 


Let the surface be referred to rectangular co-ordinates. Then 


di= dy dz; 
. — 2 9 
* I - Ss dy dx, . . . . (2.) 
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vA ExaMPLe.—To find the moment of inertia of a 

Fig. 2. rectangle about an axis passing through the centre 
and parallel to the ends, 

d Let 6 =the breadth, d = the depth; then we 


have 


x b “Tt jd b 
I ff y® dy dx - ms fic Va (3.) 
0v —}d le 0 12 


ForMULA OF REepvUCcTION. 
To find the relation between the mo- 


4 — ments of inertia about two parallel axes, 
id one of which passes through the centre 

=| y of gravity. 
Let D = the distance between them. 


y' =the ordinate from the axis 
which passes through the 
centre. 

Let y =the ordinate from the other axis. 

1' =the moment of inertia about the axis through the centre. 

We have y=pD+y'; hence (1) becomes 


Sy da = f'y'as +2» y'dat v* fds. 


But, because z' passes through the centre, we have 2pf y' da = 0, 


when it is integrated so as to include the whole area, and Jf da=a; 


Sy da = fy da + pA. 
1. 


orI=1'+Da4, : , ‘ (4.) 

This is called the formula of reduction, and may thus be enunciated: 

The moment of inertia of a surface about any axis, equals the moment 

of inertia about an axis parallel to it which passes through the centre, 
plus the area into the square of the distance between them. 


hence, we find 


ExampLe.—To find the moment of inertia of a rectangle about an axis which 
coincides with one end. The distance between the axes will be Jd = p, and a= bd; 
hence, (4) and (3) will give 


1 
I 12°# | 4d? bd==}bd*, . p , 2 F (5.) 


From (4) we find 


r=I—D’*A, ° ; ‘ ° (6,) 
which is sometimes very convenient. 

For instance, it is easier to find the moment of inertia of a triangle, 
about an axis which passes through its apex, and parallel to the base, 
than about any other axis; but having found this, we may easily find 
it about an axis parallel to it which passes through the centre. 
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To illustrate, 
Let } —the base, and Fig. 4 

d = the altitude of the triangle. — — 7 k 

Then, taking the origin at the vertex, and we have 


b 
esy::O:4 ..8 a” / \ 


and (2) becomes 
d » pe - i: \ 
f ane f odie oS ———- 
I y® x dy yw dy = jbd’, (7.) b 
0 dJ 0 


The area = 4bd— A. 
» — jd == the distance from the vertex to the centre; hence, (6) becomes 


5 4 
1! = 48 bd — bd Xd? pS bd, pel SF atch hy pe 
If the base be the axis, (8) and (4) give 
1 1 1 
T= 55 bd? +- 3 bd Xo a? = 75 be, ° ° : ° 5 (9.) 


RELATION BETWEEN RECTANGULAR AXES. 


We will now find the relation between the moments of inertia about 
the axes of two systems of rectan- 
gular co-ordinates, having the same 
origin, but inclined to each other. 

Let 0, Fig. 5, be the origin, and 

yoy’ =202r' = f. 
Also, I; = the moment of inertia 
about ror. 
Iy =the moment of inertia 
about yoy. iy 
Ix: =the moment of inertia 
about x'o2"'. 
Iy: = the moment of inertia about y'oy’. 
Then, by the definition, we have 


I, = firrds, 1, = fds, —— 
= y' dA, Iyi = da ° ° 11. 
wifi wnflin 


For the transformation of rectangular co-ordinates, we have 


a Fug. 5. 


a -z cos 3 —y sin 3) (12) 
y' =rsin p+ y cos ff 7 i 4 

lence, we have 

ritytorty, 
which is called an isotropic function, (from the Greek Ios, equal, 
and rPome, turning, é.e. the distance from the origin to any point is 
the same for all inclinations of the systems of co-ordinate axes.) 
. 
Leto =frydsandm=foyds, . . « . (18) 
e vy 

Then, by combining (10), (11), (12), and (13), we readily find the 

following equations : 
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Ix: = Ix cos? 7 + Ty sin? 8 — 2B cos B sin 
Iyi = Igsin’? 8 + Iy cos* 7 + 2B cos 8 sin # (14). 
Bi = (I, — Iy ) cos 8 sin 8 -+ B (cos? g — sin’ p) 
By adding the Ist and 2d of (14), we find 
Tx1 aa Iyi=Ix+Iy, . . ° (15,) 
which is ésotropic; and from which we see that the sum of the moments 
of inertia about pairs of rectangular axes having the same origin is 
constant. 


rom (10) and (15) we readily find that 
Ix + Iy = 1x1 + Iy1 =fiw +y)da = fords, ; (16,) 


in which 2? + y= p® = a variable distance; and hence, from the de- 
finition, equation (16) is the moment of inertia about an axis perpen- 
dicular to the plane of the surface. This is called the polar moment 
of inertia. We see that it equals the sum 
of the moments about two rectangular 


Hig. 6, axes which lie in the surface, and whose 

Pp origin is on the polar axis. 
SPP cg Let 6 =the variable angle; then will 

i 
1 pdodé =an elementary polar area = 
da; hence, (16) becomes 
e 

She dp da =1" = the polar 


moment of inertia, ; ° (17.) 
Examptes.—l. To find the polar moment of inertia of a circle, about an axis 
passing through its centre, we have enly to integrate (17) between the limits 0 and 
7 for p, and 0 and 22” for@; hence, we have 
a2r fr 


7 
Ip J p3dpd9 jar', . . ° (18.) 
oe 0 


2. We may find in the same way that we found equation (3) that the moment ot 
inertia of a rectangle about an axis passing through its centre and parallel to its 


, oe ' F . 
sides, is pa Oe hence, the pelar moment of a rectangle about an axis passing throug) 
its centre is, by equation (16), 
l 1 ; 
Ip = yy bd (0? + d?) 34 (diagonal)2, : ‘ ‘ (19, 


that is, it equals one-twelfth the area multiplied by the square of the diagonal. 
Knowing the polar moment, it is easy, in some cases, to find the 
moment about an axis in the surface. 
For instance, if the moments about the rectangular axes are equal, 
equation (16) will give 


2 fix da= fp'da; 


*. Ix =I,» , . , (20.) 

Hence, equations (20) and (18) give, for the moment of inertia of a 
eircle, about an axis in the surface, and passing through the centre, 

I= }rrs, ° : > ’ (21,) 
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and, for the moment of a square about an axis in the surface, parallel 
to one side and passing through the centre, (20) and (19) will give 
1 ! 
I = 94 b* (b* + 38) = 
If the polar moment and one of the rectangular moments are known, 
the other rectangular moment may be easily found; for equation (10) 
gives— 


. bf, 


lz 


Iy = Ip = Tx , o . . . (21.) 
MAXIMUM AND Minimum MoMENTs. 


To find the position of the axes (for any assumed origin) which shall 
give a maximum moment about one axis and minimum about the other, 
we will suppose that Ix, Iy, and B, have been found for any assumed 
position of the axis. 

By differentiating the first of (14), and placing it equal zero, we 
find 


Dg=—2 (Ix —Iy ) cos § sin 8 + 2 B(sin* 8 — cos*8) = 0; 


°? 9 } 
—2B = cos8 sin 8 
ae =, += = tan 28, : (22. 
I—Iy sin" 4—cos’s 
The second derivative, placed equal zero, gives tan 28 = + 1; hence, 


of the two values of 8 found from (22), one will give the position of I,; 
for a maximum, and the other the position for a minimum. 
Proceeding in a similar way with the second of (14), and we find 
that when I,: is a maximum, Iy: is a minimum, and vice versa. Equa- 
tion (22) in the third of (14) gives b' = 0. 
Let 8, be the value of .s found by equation (22), and z, y, the cor- 
responding axes, called principal axes. 
B' = B, = 0, and (14) becomes 
Ix, = I, cos? 8, + I, sin* 8, — 2 Bcos g, sin p, ) 
Ty, == Ix sin? 8, + Iy cos* 8, + 2 B cos A: sin 8, » 
) =(Ix — Iy ) cos B, sin 8, + B (cos? 6, — sin? #,) j 
By adding the 1st and 2d of (23), and then multiplying them to- 
gether, using the 3d in the reduction, we find 
Ix, tly, @Ix+Iy, 
Ix, Iy, = Ix ly — B’, 
Tx, = 3 (te tly) + V3 (te — Ty +B’; 
ly =a +l )—V Hk) + BY, 
by means of which the principal moments may be found without know- 
ing A. 


Exampte.—To find the principal axes of a rectangle, origin at the centre. We 
have already found, equation (3), that 


1 1 
x =]o bd’, and ty = D bad; we also have 


I 
4d hb 4b 
»—f wy dy de — (ha —yanf zdz—0, 
—Id & )b — $6 
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which in (22) gives g = 0, and these in (23) give 
Ix, =I; = jybd* 
Ty, = ly = yy Pd; 
hence, those axes which are parallel to the sides and ends of the rectangle are pri 
cipal ares. 
MoMEnTSs IN REFERENCE TO ANY SysSTEM OF RECTANGULAR AXEs, 
THE PRINCIPAL MOMENTS BEING KNOWN. 


Suppose that the principal moments Ix, and Iy, are known, then we 
may easily find the moments about axes inclined at any angle; for we 


have only to make I, =Ix,, ly = Iy,, and B=Qin (14). This done 
and we have 


Ix1 = Ix, cos’ 8 + Ty, sin? 8 
Iy1 ==Ix, 8in’8 + Iy, cos*? (24.) 
B' = (Ix, —Iy,) cosp sin 8 
x, =Ty,, then Ix: = fyi, and the figure ma aic its 
If Ix, =TIy,, then 1 fyi, and the figure may be said to have it 
moments of inertia perfectly ‘sotropic. This is the case with the cir- 
cle, regular polygons, and many other symmetrical figures. 
Exampies.—1l. Take the case of a rectangle whose sides are inclined at a angle ; 
Fio.7 with the axis of x‘. Then 
7 o B = 90° — i, and (24) gives 
Ix1 = Ix, sin?i +-Iy, cos? i= J, bd (d?sin*i 
b? cos* i), 
Iy1 Ix, Cos*i + Ty, sin? i - Vs bd (d? cos? i 
b? sin? 7). 
If d= b, then 1x1 = ly, = prt, the same as 
before found. ri 
2, Let the section be 
an equilateral triangle, 
with the axis of sym- 
metry inclined at an 
angle i with the axis of 
x'. Then B— 90° —i. 
We easily find that ly, 
jy ®d, and we have 


found 1x1 1. bd*, See equation (8). 
Hence, (24) becomes 
Ix) == yy bd (4? sin? i+ } 0? cos? ¢), ‘ 4 (25.) 
ly1 4 bd (4 d? cos? i+ 46? sin? i), . e (26.) 
‘diiaiia 4 oF INERTIA OF A REGULAR POLYGON. 


To find the moment of inertia of a regular polygon, let the axis of 
X pass through a vertex and the centre. 
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Let A,, As &e., Fig. 9, be the polygon; 0 its centre; 0,, 0, &e., the 
centres of the triangles; oa,, oa,, Kc., the altitudes. 
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Let 6 = A, A, = A, A, = Ke. 
d = 0a, = 0a, = the altitude. 
h, = 0, ¢,, A, = 0, ¢,, Ke. 
“== AOA, = AOA, = Ke. = angle at the vortex of each triangle. 
i, =a@,0A,, t, = a,0A,, Ke., =the inclination of the axis of sym- 
metry of each triangle to the axis of z. 

k., ky, ks, &c., = the moment of inertia of the successive triangles about 
an axis passing through their centres and parallel 
to XOX. 

I,, Ly I4, &c., =the moments of inertia of the corresponding triangles 
about Xox. 
the number of sides in the polygon. 
} bd = the area of each triangle. 
na = the area of the polygon. . 
We have 
a= = =4 h, = 3d sin 7, 
b = 2a tan }a =: h,= 3d sin i, 


hy = 3d sin i 


By (25) we have 
t, =ha(h d@ sin’ ti, + 32? cos?) 
La(i d sin? t, + } & cos? z,) 
=k a(} d? sin* i, + } & cos*t,) 
K=a(} d sin’ td, + $V cos’ i, ) 
By equation (4) we have 
i= ke, + ah, =la (d* sin? i, . B? cos” i,) 
I, 4 a (d? sin? t, + ;'5 & cos*t,) 
I *= 4. (d’ sin’ t, + 4's & cos? ¢,) 


» 
~ 
, 


53 
In = ky + ahy? =} a (d* sin? t, + ;'5 6? cos tn), 
For any portion of the polygon we have 
t1=}.a(d’ = sin’ i + ;', ? = cos’ 2), 
in which = sin? ¢ =sin? }a--sin*3a-+ sin? $a... +8in 5 


9 
2 2n —1 


5 
— 


= cos*i = cos’ }.a-+ cos*3a+cos*$a... + cos 
For the whole polygon = sin*?¢= = cos* 7; hence, by adding the pre- 
ceding expressions, we find 
= sin? i= = cos’ i=} n; 
hence, for the whole polygon, equation (27) becomes 
=ta(@+ 0),  . 
For the square, d= 36, a= 207; .». I= {', O 
Vou. LI.—Tuirp Serixs.—No. 2.—Feprvary, 1866. 
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For the hexagon, d= }4 cot 80°, a=3bd; .*. 1==0-96214 d'. 
For the octagon, d= 3b cot 224°,a=4bd; .. 1= O-8T5776 dt. 
Let r = the radius of the circumscribing circle. 
r =the radius of the inscribed circle. 
Then 
}V¥=R?—a@*; r=d; 
.”. (28) becomes 1 = ,', A(R + 27). 
If r=R, then A =r"; .*. 1 = 4zpt, which is the moment of inertis 
of a circle as before found. 


For the Journal of the Franklin Institute. 
A Mode of Determining Graphically the Correction for the Reduction 
to Centre of Station, and also for Oblique Illumination on Signals 
in a Geodesic Survey. By Joun R. Mayer, C.E. 


Reduction to the Centre of Station. 
c being the centre of a trigonometrical station, 0 the angle observe 
between two objects A and B, y the angle between c and B, the /:/t 
hand object, r the distance 0, D the distance 
AC, and @ the distance Bc. 
Correction expressed in seconds 
__rsin (0+ y) rsiny R” 


= i 
D & 


In the first term call sin (0 + y), a, and we 

TP ile 

** 1000° 1000 *" 
(r a): correction for the first term. 

The quantity r a is obtained by a fourth proportional between 9 
or radius, r and a the value of this last quantity being taken from the 
table of natural sines. 

Thus we construct a sectoral figure a dc, (Fig. 2,) having ad for ra- 
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\ \ “f have for this term D: R’’:: 
ci 
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i 
dius, and the transverse bc=r, on which the natural sine of @ 13 
marked on the lines a 6 and ac atd and e from the centre a, which 
gives de for the quantity ra. 
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Then, on the same figure adc, describe an are fg, with a radius 
"” 


D ‘ , ——_ 
equal to 759 and intersect this arc at g with the quantity 1000" and 


draw the line ag k. Then, from a as a centre, describe an are with 
de as radius which intersects the lines a 6 and ak at / and ¢, the dis- 
tance ¢ will represent the number of seconds for the correction of the 
first term. 
The same operation is required for the second term, 
rsin y R” 
~~ 100° 
1000" 
The rule of signs is to make the first term positive when (0+ y) is 
less than 180°, and apply the negative sign with sin y. 
The same scale of equal parts is used for the quantities r, 1000" 
‘7 . 


Ge R ; " — 906964''-8 
1000” and 1000° R 20626 o. 


EXxaMpLeE.—Suppose 0 = 51° 46’ 38’, y == 79° 24’, r = 5°50 feet, 
p = 27659-6 feet, and a = 22245-4 feet. 

The graphical computation gives : 

First term, + 30°75; second term, —50”:05. Correction 
19":30. 

The computation with the table of logarithms gives: 

First term, + 30°87 ; second term, —50"-12. Correction 
19’’-25. 


Correction for Phase when a Tin Cone or Cylinder is used as Signal. 


z being the angle observed at the station between the sun and the 

signal, r the radius of the signal, and D the distance. 

, r cos’? 32 
Correction = +- - s— Rl, 
D 

Substituting } (cos z-+1) to cos*}z and calling s the value of 4 
‘cos Z+1) from the table of natural cosines, the quantity r } (cos 
2+ 1) or r 3, will be the fourth proportional between 0° or radius, r 

and 3. Then, dividing Dp and rR” by 1000, we have 
ea 
1000° 1000° 
The construction of the sectoral figure to solve this problem is like 

the above-mentioned, (Fig. 2.) 

With a radius of about six inches, this mode of graphical compu- 


tation gives results which can approximate to less than a _five-hun- 
dredth of an unit. 


:r 3: correction. 
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On Improvements in Heavy Tools for General Engineering and Iron 
Ship-building Work. By Mr. James Fiercuer, of Manchester. 
From Newton's London Journal of Arts, August, 1865. 

Forty-five years ago, at the commencement of the writer’s career 
as a mechanic, tools were of a very rude and primitive description, the 
lathe and drill being about the only ones then in general use; slide 
lathes were possessed only by a few persons, being made with great 
labor and expense, and very inferior in point of workmanship. 

The introduction of the planing machine, however, and its subse- 
quent development, effected an entire change in the manufacture of 
tools and machinery of every class, giving the means of carrying out 
with facility many works which had been left unattempted previously 
as too expensive or impracticable, and opening the way for improve- 
ments and invention generally; and in a short time these machines 
became indispensable in every workshop. The slide lathe became then 
comparatively easy of manufacture, and, in conjunction with the planing 
machine and self-acting drill, formed a most important feature in the 
advancement of engineering work. Still, much remained to be effected ; 
a large proportion of work was done by hand, especially the smaller 
portions of machinery, until slotting and shaping machines were 
brought into use, and special tools adapted for all parts where a quan- 
tity of work was required to be produced. By the gradual introduc- 
tion and perfecting of the regulator screw, the wheel-cutting engine, 
standard gauges, large surface plates, long straight edges, and scraped 
surfaces combined with the improved tools, not only was the amount 
of manual labor considerably diminished, but the work was done more 
expeditiously, and a much greater degree of accuracy was attained, 
whereby the workmanship in all classes of mechinery was remarkably 
improved, and at a great reduction in cost. Asengineering skill was 
brought to bear on schemes which could not previously have been car- 
ried out, so were tools enlarged and new ones invented, to meet the 
exigencies of new works, until engineers and others became really de- 
pendent for the accuracy and execution of their work upon the tools 
that could be employed for the purpose. The steam engine, with all 
the inventive genius that has been concentrated upon it, would, with- 
out these tools, have still been most imperfect in construction, and 
would have formed a wide contrast to the engines erected at the pre- 
sent day, in point of excellence of workmanship, durability, and cost. 
Many instances could be given where tools of unusually large dimen- 
sions or the most minute description are indispensable for the execu- 
tion of the work required. 

The great change which has taken place in thesubstitution of wrought 
iron for wood or cast iron, especially in ship and bridge-building, isa 
subject worthy of special attention. In ship-building, the use of wrought 
iron has advanced with such rapid strides during the last twenty years, 
as to cause a complete revolution in the trade. The transition was 
so sudden and the demand so great, that much difficulty was experi- 
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enced in procuring a sufficient number of the necessary class of work- 
men, until those who had been previously employed as shipwrights in 
building wooden vessels were, in a short time, enabled, by the assistance 
of improved tools and appliances, to compete with more practised 
hands, and to cope easily with the heavy modern work. Improvements 
in the construction of iron ships were then rapidly developed. New 
tools were called for and produced, by means of which the work has 
been materially improved and facilitated; the edges of the plates are 
now planed, to make perfectly fitting joints, and multiple drilling ma- 
chines are rapidly coming into use for drilling a large number of holes 
at once in the plates or keel bars. 

Another important feature in connexion with improved tools, is the 
direct application of steam power to individual machines, especially 
those for the purpose of punching or shearing plates or cutting bars, 
&e., by the combination of a small steam engine with each machine ; 
thus rendering the machines portable, entirely self-contained, and in- 
dependent of other sources of driving power, and thereby saving, in 
many instances, the necessity of running a large engine and quantity 
of shafting to drive only one or two machines, when pressed for the 
work upon which they are engaged, and entirely dispensing with shaft- 
ing and the usual attendant expenses. By this means, and by the use 
of an under-ground steam pipe with branches at convenient points, 
either in workshops or along the sides of docks, these machines may 
be moved about to any part required, and thus obviate the inconveni- 
ence and loss of time in carrying work toand from the machines. Steam 
pipes of great length are now being used, end are found very satisfac- 
tory for purposes of this description; and this plan makes a much 
more convenient and less costly arrangement than shafting, which re- 
quires constant attention. 

In the earlier construction of the lathe, the slide rest was the first 
great step towards the principle of the slide lathe, and no doubt led to 
that invention, which was considered impracticable before planing ma- 
chines were made of sufficient magnitude to plane a lathe-bed of even 
small dimensions. <A few slide lathes had indeed been made, the beds 
of which were composed of a timber framing, covered with iron plates 
on the upper side to preserve the surface, similar to those which were 
previously used for the ordinary hand lathes, with the exception that 
the outer edges of the iron plates were made of suitable shape to form 
the Vs for the carriage to slide upon. It was not, however, until 
some time after the introduction of the planing machine that—the cost 
of workmanship being considerably lessened—slide lathes came into 
general use, and their utility was fully acknowledged, and attention 
directed to their improvement. 

The application of a screw to the slide lathe, so as to render it capa- 
ble of both sliding and screw-cutting, was the next important improve- 
ment; and a great amount of time, perseverance, and capital was ex- 
pended by a few persons in endeavoring to perfect this portion of the 
lathe. A short screw was first made, as accurately as possible with 
the rude means then possessed, from which one was cut double the 
9g * 
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length, by changing the turned bar end for end in the lathe after cut- 
ting one-half. Subsequently, by following out this principle, screws 
were capable of being made of any length required. 

After this, the surfacing motion was introduced, and also the use 
of a shaft at the back of the lathe, in addition to the regulator screw, 
for driving the sliding motion by rack and pinion, instead of both the 
motions of sliding and screw-cutting being worked by the screw alone; 
for it was found that the threads of that portion of the screw near- 
est the fast head-stock, being most in use, were worn thinner than the 
other parts; and, in consequence, the lathe did not cut a long screw 
with the degree of accuracy which it otherwise would have done. 

Thus, step by step, improvements were gradually brought forward ; 
the fore-jaw and universal chucks and other important appliances were 
added, so as to render the lathe applicable to a great variety of work, 
even cutting spiral grooves in shafts, scrolls in a face-plate, skew 
wheels, and also turning articles of oval, spherical, or other forms. 
The duplex lathe, with one tool acting in front and the other behind 
the work, is also found to be a very useful arrangement for turning 
long shafts, cast iron rollers, cylinders, and a great variety of work, 
where a quantity of the same kind and dimensions has to be turned. 

An improved lathe, referred to by the author, and designed for the 
purpose of turning long shafts, screws, or other articles, had a bed 40 
feet long, cast in one piece, and planed the entire length at once. It 
is provided with two pairs of head-stocks, placed right and left hand, 
each pair having its own carriage and tool-rest, and working entirely 
independent of the other, the one pair being 15 inches high to the 
centre, and the other 12 inches high. In connexion with the larger 
head-stock is a regulator screw, running through the entire length of 
the bed, by means of which, when the other head-stocks are removed, 
a screw, 35} feet long, may becut at once. The smaller head-stocks, 
by means of a separate shaft at the back of the lathe, are capable of 
sliding an article 25 feet long, and can also, if required, be provided 
with a screw-cutting arrangement. Thus this lathe possesses the ad- 
vantages of being used as two lathes for work of an ordinary character, 
but at the same time a very long shaft may be turned when required. 
In many workshops a long lathe is an absolute necessity, although the 
whole length of the bed may not be required many times in the year; 
and unless some similar arrangement to the one above described is 
adopted, a large portion of the lathe-bed, taking up valuable space, 
would remain idle and useless the greater portion of the time. Again, 
in sliding long shafts, the two carriages and tools may be in operation 
at once upon the same piece of work, and thus economize time. ‘The 
head-stocks being placed right and Jeft hand, the loose head-stocks are 
thus able to accommodate each other to the different lengths of work ; 
thereby avoiding the necessity of moving the fast head-stock and top 
cone-pulley when any work above half the total length of the bed is 
to be turned. 

For turning large marine engine crank-shafts or other articles up to 
40 tons weight, or screw propellers up to 20 feet diameter, the author 
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referred to a slide lathe, the head-stocks of which are 4 feet 6 inches 
high from the face of the bed, which is 40 feet long. The main driving 
spindle i is of cast iron, 18 inches diameter in the front bearing, and 12 2 
inches in the back bearing, arranged as an ordinary treble- geared lathe, 
which can be worked single, double, or treble power. The cone- pulley, 
the largest speed of which is 3 feet 6 inches diameter by 6 inches wide, 
runs loose upon the spindle. The face-plate is 12 feet diameter, and 
has on the back a large internal toothed wheel. By means of two pairs 
of driving pulleys on the counter shaft, the lathe may be worked at 
thirty different speeds, to suit the diameter of articles to beturned. The 
fast head-stock casting is in one piece, and, without spindle or appur- 
tenances, weighs 11} tons. It is secured to the bed by the tie-plates. 
The bed is 10 feet wide over all, and is composed of two lathe-beds, 
each cast in one piece 40 feet long, and held firmly in a parallel posi- 
tion by distance feet or foundation plates, having strips and bolts to 
bind the beds in their places. When it is required to move the bed 
endways, to accommodate any large article on the face-plate, the strips 
in the distance feet are slackened so as to allow the two long beds to 
slide through them, the motion being given at the end by means of 
worm-wheels and screws. The end foot or distance piece nearest the 
fast head-stock is fixed to the long beds, and travels with them upon 
the tie-plates, so as to support their ends whilst turning articles on 
the face-plate. Two self-acting sliding carriages are employed, upon 
one of which is a slide rest of ordinary construction and great strength ; 
the other carriage has a rest made very narrow, with a wrought iron 
tool slide, and is for the purpose of turning out crank sweeps. The 
self-acting motion is driven by a strap from the spindle to a pulley at 
the back of the lathe, and is provided with a reversing apparatus, to 
enable the carriage to slide in both directions. This motion can be 
thrown out of gear independently in either of the carriages, which are 
provided with an arrangement for moving them on the bed by hand. 
An eye bolt is screwed in the front part of the loose head-stock, anda 
corresponding one upon the nearest carriage, so that the two can be 
coupled by a short chain or shackle, and the loose head-stock can thus 
be drawn upon the surface of the bed, to any required position, by the 
hand motion of the carriage. The total weight of this lathe, which is 
now in course of construction for the Lancetield Forge, in Glasgow, 
will be upwards of 70 tons. . 

The planing machine is one of the most important tools in use, and 
has done more towards the advancement and success of engineering 
work than any other invention, with the exception of the lathe, and 
has passed through a great number of changes since its first introduc- 
tion down to the present time. 

In the first planing machines the table was moved by a chain wind- 
ing on a drum, as in the old hand machines; but this mode was found 
to be very objectionable, the cut was unsteady, and when the tool was 
suddenly relieved at the end of its cut, the table had a tendency to 
spring forwards; it was also driven at the same speed both forwards 
and backwards, and thus a great loss of time was occasioned. This 
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was much improved upon by the use of a rack and pinion, arranged 
to give a quick return motion, and also afterwards by the screw ar- 
rangement. 

In some of the earliest planing machines the Vs were made inverted, 
evidently with the idea of preventing any cuttings that fell upon the 
wearing surfaces from remaining upon them. They proved, however, 
to possess no advantage even in this particular, as the finer portions 
of the cuttings still adhered; and in addition it was found that, from 
the motion of the table, the oil, by its own gravity, would not remain 
upon the surfaces, and thus caused them to cut and wear away quickly. 

The writer has in use a planing machine, with a bed 54 feet long, 
the vs of which have 2 inches of surface on each side, and are planed 
to an angle of 85 degrees. This machine has been working upwards 
of twenty years, and for the last six years both night andday. It has 
been employed during the whole of that time upon very heavy work, 
ranging from 5 to 20 tons. The Vs are still in good condition, appa- 
rently very little worn, and the work the machine does is at the pre- 
sent time perfectly true. The bed is in three parts jointed and bolted 
together, and the table in two parts; since, at the time it was made, 
there was no machine capable of planing a very long piece, and this 
was considered to be one of the largest then in existence. 

The planing machines were further improved by the use of two tool- 
boxes on the cross-slide, and by the application of slide rests or tool- 
boxes fixed upon the uprights, self-acting vertically, for planing arti- 
cles at right angles to the tools on the cross-slide. The reversing tool- 
box is a very ingenious and useful coutrivance for planing flat surfaces ; 
but that plan is not so well adapted for general purposes. Planing 
machines have, like other tools, been specially adapted to a great 
variety of work, and the writer has made them with different numbers 
of tools up to as many as sixteen, all of which were in operation at 
once. 

The great changes which have lately taken place in the manufacture 
of wrought iron and steel ordnance, and the revolution they have 
caused in the construction of vessels of war, have called into requisi- 
tion a great many alterations and adaptations of the present machines, 
as well as many entirely new ones, The planing machine especially 
has been called upon to do work of a very curious and intricate char- 
acter, namely, that of planing the edges of armor plates to different 
curves, shapes, or angles. In most cases this has been accomplished 
by a pattern bar of iron or steel, placed on edge in a small chuck fixed 
upon the surface of the table, adjustable by set screws, and shaped to 
the form to which it is required to plane the edgeof the plate; as the 
table travels, this bar, which runs between two circular rollers at- 
tached to the under side of the cross-slide, moves the tool sideways, 
according to the amount of curve in the shaper or guide bar, the tool- 
box being disconnected for this purpose from the screw in the cross- 
slide. 

A duplex plaining machine, made by the writer, is arranged with 
double beds and double tables, each table having a separate set of gear- 
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ing, with starting, stopping, and feed motions. There are two tool- 
boxes on the cross-slide, each of which is independently self-acting, so 
as to work with its own table. Thus the two tables may be used sepa- 
rately as two smaller machines working independently of each other, 
and capable of planing different lengths of work at the same time ; or 
when planing a large article, the two tables, gearing and motions, may 
be coupled, so as to form one large machine, an arrangement render- 
ing the machine capable of doing a variety of work. Also one table 
may be fixed stationary as a bed-plate to bolt awkwardly-shaped or 
long pieces of work upon, whilst they are planed by a slide rest fixed 
upon the other table. When used as one machine, both sets of straps 
and gearing are in operation, and are reversed by the stops of one 
table only, so as to insure the straps moving at the same time. 

This machine is capable of planing articles 10 feet wide and 10 feet 
high. ‘The racks on the under side of the tables are 3 inches pitch, 
with stepped teeth ; the wheel working into the rack is 5 feet 9 inches 
diameter at the pitch line, and is driven by a smaller pinion. By this 
arrangement a steadier motion is obtained; and also the pulleys and 
driving gear can be placed entirely behind the face of the uprights, 
so as to leave the front of the machine perfectly clear, that the straps 
may not be in the way when taking the work off and on. The puileys 
being below the ground line, may be driven by a horizontal under- 
ground shaft at the back of the machine, and no straps will then be 
visible. ‘The writer has made machines of this description with beds 
40 feet long, to plane work up to 14 feet in width. 

This machine is particularly well adapted for planing armor plates. 
Two plates can be planed at once on each table, one being placed up- 
right and the other horizontal, so as to be operated upon by the tools 
on the cross-slide and the upright at the same time; or whilst two 
plates are being planed on one table, the workman may be fixing two 
more on the other, and thus keep the machine constantly employed. 
One workman is sufficient to attend to both sides of the machine, there- 
by saving labor. By having a stationary table fixed at one side of 
the bed, upon which the four ends of four other armor plates are 
bolted, and adding an angle bracket and slide rest upon one of the 
moving tables, the four ends are planed at the same time. 

The slotting machine, of which the engineers in Glasgow can justly 
boast the heaviest examples, was originally introduced for cutting small 
wheels, levers, &c., mostly for self-acting mule and loom work, and 
was afterwards adapted to a great variety of work by the application 
of a circular table, which was an improvement of the greatest import- 
ance, especially in large machines for slotting or shaping large cranks 
or other similar work ; this is now done to such perfection as to re- 
quire merely drawfiling and polishing to give the work a perfect finish. 
Many kinds of quick return motions have been employed for the pur- 
pose of saving time in the return stroke of the tool, and to give it a 
regular and steady movewent in the cutting direction. Of these, the 
principal are the eccentric wheels, the eccentric motion, and, lastly, 
the lever motion, which makes an excellent and steady movement, and 
is now very much applied to shaping machines. 
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One of the large slotting machines made by the writer has a stroke 
of 3 feet, and the framing is capable of taking in an article 12 feet 
diameter ; it has compound slides and a self-acting circular table 6 feet 
diameter. The ram moves in a vertical slide, which can be raised or 
lowered to suit the depth of work on the table, so as to form a support 
to the ram when taking a heavy cut. ‘The motion applied to the tool 
slide is the lever and connecting rod, arranged so as to gain power 
and give an almost uniform motion in the cutting direction, and an 
accelerated speed in the return stroke. 

In making a double lever-punching, shearing, and angle iron cutting 
machine, the strong hollow cast iron frame is planed at each end for 
the reception of the punching and shearing slides. The machine is 
put in motion by a steam engine, fixed upon the outside of the framing, 
and connected to a crank-pin in the fly-wheel, driving by a pinion on 
the first motion shaft into the large wheel, which has cams cast on each 
side in opposite positions, so as to work alternately the pressing levers, 
which operate the punching and shearing slides. These levers work 
on fixed pins for their fulerums. The punching slide is provided with 
a block, which can be drawn out from under the end of the lever to 
throw the punch-slide out of gear. At the shearing end an adjustable 
stop is added immediately in front of the shears, for holding down the 

late whilst shearing, and thus causing it to be cut square on the edge. 
This takes the strain of holding down the plate from the workman, 
and prevents short pieces of metal from getting down between the 
cutters and breaking the machine. 

Upon the end of the centre shaft is forged an eccentric, working 
into a block in a ram, the lower end of which is provided with suit- 
ably shaped cutters for shearing bars of angle iron. This slide is placed 
at an angle of 45 degrees, and has also a disengaging motion, so 4s to 
be thrown out of gear whilst a long bar of angle iron is being put be- 
tween the cutters, and set to the proper place or marks for being cut 
off correctly. 

This machine possesses all the advantages of the old lever machine 
and the eccentric machine combined, the former of which has long 
been acknowledged to be the most simple and useful. The cams which 
operate the pressing levers are constructed of such a shape that the 
operation of punching or shearing is completed, and the slide returned 
to the top, in half a revolution of the machine, the whole slide remain- 
ing stationary during the other half revolution, whilst the workman is 
adjusting the plate for the next stroke. This enables the machine to 
be worked one-third quicker than eccentric machines, and still leaves 
the workman as much time to move the plate; since in eccentric ma- 
chines the punch or shears is always being either raised or lowered, 
instead of being stationary during part of each revolution. 

For the purpose of obtaining greater accuracy in dividing out the 
holes in bridge, boiler, or ship plates, a dividing table has been used, 
and machines have been arranged to punch several holes at once. ‘This 
was certainly a great improvement upon the old method, since, in addi- 
tion to the accuracy attained, very much more work was accomplished 
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in the same amount of time. Still the work was not of a satisfactory 
description. In punching the holes the iron is disturbed or fractured 
for some little distance around the hole, thus weakening the plate; and 
in consequence of the taper which there must necessarily be in all 
punched holes, the rivets do not thoroughly fill up the space, especially 
when more than two plates are joined together. 

The faults of punched work above mentioned were so apparent when 
wrought iron bridge-building became general, that they led to the in- 
troduction, by Messrs. Cochrane, of the multiple drilling machine, for 
drilling a large number of holes at once in bridge plates. 

It has been found desirable to make this principle of drilling machine 
more universal in its application, and the following is a machine de- 
signed for this purpose: A strong base plate extends the entire length 
of the machine, about 18 feet, with three circular openings along the 
centre line, large enough to admit hydraulic cylinders, by which the 
table carrying the plate to be drilled is raised and pressed against the 
drills with the necessary force. The end frames are bolted to the base 
plate, and upon them are fixed guides adjusted to each corner of the 
table; they also support the girder which carries the drill frames. The 
ends of the girder are fitted in planed grooves, and it is made in halves, 
which can be set wider apart without altering the gearing, by insert- 
ing cast iron packings of the requisite thickness and longer bolts at 
the joint. The two halves of the girder can also be turned with the 
drill frames inwards if required, and adjusted to a distance of four 
inches apart for the two rows of holes and upwards. 

Each drill is held in a separate frame. The frames are all bolted 
on the girder at a proper distance apart, and are moveable longitudi- 
nally to any position along the girder. Each drill spindle is fitted 
with an adjustable tail pin and lock nut, which receives the upward 
pressure of the spindle; anda conical bearing is provided at the lower 
end of each drill frame, which prevents the drill spindles from wearing 
out of truth. The drills are all turned parallel for a short distance at 
the upper end, and fit in parallel sockets, which admit of short drills 
being adjusted to the same length as longer ones, by putting some 
small burrs or punchings from the punching machine, of the required 
thickness, into the drill sockets above the drills; and the drills are 
fastened in the sockets by a set screw. 

Each drill spindle is driven at the top by a pair of mitre wheels, 
which may be described as each consisting of a short section of a 3} 
inch diameter twelve-threaded screw, of which the threads are about 
12 inches pitch; that is to say, each thread or tooth, if continued, 
would make one complete turn round its shaft in 12 inches length. A 
long steel shaft, 2} inches diameter, with a groove throughout its 
length, passes through each drill frame, and its vertical spur mitre 
wheel, giving motion to each drill spindle. This shaft is driven by a 
pair of strong bevil wheels in the proportion of 1} to 1, which take 
their motion direct from the pulley shaft, and give about 60 revolutions 
per minute for the drills. 
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The application of the spur mitre wheels in this machine for driving 
the drill spindles, enables the spindles to be arranged in such a manner 
that they are capable of being moved to suit different pitches of holes. 
In consequence, however, of the wheels being 3} inches diameter, holes 
could not be drilled at a less pitch than that dimension with a single 
driving shaft; but another application of the same mode of driving 
allows of the drill spindles being got to within 2} inches from centre 
to centre, with the same diameter of driving wheels. This is effected 
by using two long steel driving shafts, instead of a single one, each 
shaft driving every alternate drill spindle. 

The hydraulic cylinders used to raise the table with the work on it 
up to the drills are similar to those of hydraulic presses. A pair of 
strong 1} inch diameter pumps, worked by eccentrics ona shaft, force 
water into an accumulator, which consists of an upright cylinder fitted 
with a piston properly weighted; and there is a self-acting apparatus 
which throws the pumps out of gear when the accumulator is full. 
The hydraulic cylinders are connected with the accumulator by a two- 
way cock, and on turning the water on the table immediately rises. 
When the pressure is to be removed, turning the cock back stops the 
pressure from the accumulator, and at the same time allows the water 
to escape from the cylinders, causing the table to fall immediately. 
The working pressure of water is about 3 ewt. per square inch, which 
produces a pressure of about 6 ewt. per drill. A plate is drilled in 
twelve to fifteen minutes. A strong parallel motion gear is fixed 
under the drill table to prevent it from lifting at one end when only the 
drills at the other end are being used, or when only one row is in use. 

These drilling machines are now being used by Messrs. Kennard for 
drilling the plates and bars required in the main girders of the new 
bridge to be placed over the Thames at Blackfriars. The truth of the 
drilled holes is so complete that when a number of plates with holes 
drilled for 1 inch pins are put together indiscriminately, and four 
turned pins passed through the corner holes, the holes fit so accurately 
throughout the entire lot of plates, that a pin 1 inch diameter can be 
driven through the lot at any hole with a light hand hammer. In con- 
sequence of this superiority of the work, a great diminution in the cost 
of labor takes place in putting the parts together, saving the drifting 
of the holes and the strain put upon the plate which necessarily takes 
place when riveting punched holes. In addition to this, the fibre of 
the iron retains all its strength and tenacity, and there can be no doubt 
that the extra work of manufacture is fully compensated for by the 
greater strength of construction, and the decrease of cost in putting 
the plates together. 

Several other useful machines are constructed for bridge and ship- 
building purposes, amongst which may be named—a machine for shear- 
ing plates up to 1 inch thick, with revolving circular shears; machines 
for planing plates with a traveling tool, and also with a revolving cir- 
cular disk containing a number of tools; and machines for bending 
garboard strakes, angle iron, and deck beams for ships. 

The writer next decribes a nut making machine, designed to manu- 
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facture nuts from a heated bar of iron, at a single operation, by cut- 
ting off from the bar a piece to form the blank, which is swaged into 
shape, and the hole punched through it while still hot. The blank is 
powerfully compressed between the pair of swages while in the die-box, 
before the hole is punched, in order to make the nut solid and shape 
it with smoothness and precision ; and the hole is then punched while 
the nut is still confined in the die-box, and under the heavy pressure 
of the swages, so that it is prevented from bursting or straining during 
the operation of punching. 

The dies, swages, and punch are so fixed to the machine that they 
can easily be removed and replaced by others of different sizes. By 
this means the same machine may be used for making nuts of various 
sizes and shapes. ‘Two of these machines have now been at work at 
the writer’s works in Manchester for upwards of five years. With 
the aid of a good furnace, from 15 to 20 ewt. of § or 1 inch nuts can 
be produced in a working day of 10 hours, the machine running at 60 
revolutions per minute. All the nuts possess the same degree of ac- 
curacy in shape, the sides being parallel to each other, and the holes 
being punched perfectly central whilst the nut is under pressure in the 
die-box. The iron is fed into the machine at a welding heat, and the 
pressure put upon it by the swages in the die-box has the effect of 
closing up the fibres of the iron, making the nuts very much stronger 
than those forged in the ordinary way by hand. ‘The holes punched 
are perfectly clear and regular, and have no scale inside them to injure 
or chafe the threads of the taps when being screwed. 

The author also describes a bolt-heading machine, similar in some 
of its principal parts to the nut-making machine. The bar of iron for 
forming the bolt, heated to a welding state for a short distance only at 
the end, and of the same diameter as the screwed portion of the bolt, 
is inserted between a pair of open dies, divided longitudinally down 
the centre. The bolt is pushed up to the heading swage, the length 
of which is adjustable so as to measure off the iron to the correct 
length for making bolts of different thicknesses of head. As soon 
as the bar is inserted between the dies, a shearing slide, carrying one 
of the dies and the cutter, is pressed forwards, and the length for 
forming the bolt is cut off. The second bolt is then held firmly be- 
tween the dies until the formation of the head is completed. This 
operation is affected by the advance of a centre ram, carrying the 
heading swage, which compresses the heated metal so as to fill a die- 
box and form the bolt-head. The heading swage then remains station- 
ary whilst the die-box isdrawn back clear of the bolt-head; after which 
the swage also retires to its original position. ‘The shearing slide is 
then withdrawn by leaving the bolt in the stationary half of the dies; 
and a knocker strikes the finished bolt, and discharges it from the dies, 

This machine makes about 30 strokes per minute, and is capable of 
producing a bolt at each stroke, provided it be supplied with the iron 
at a proper heat. The bar of iron is heated only at that portion which 
is to form the head, the remainder or bolt end being cut off cold. The 
object of this is to prevent the bolts from being scaled their whole 
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length through the action of the fire. The ram carrying the heading 
swage is acted upon by a cam through the intervention of a lever, 
through which the whole pressure is transmitted; and the bottom end 
of this lever is centred upon an oak beam fixed inside the framing of 
the machine, which, being slightly elastic, prevents the machine from 
being broken in the event of more iron being inserted into it than is 
required to make the bolt-head. In consequence of this provision a 
bolt has been made without breaking the machine with a head as much 
as 1,%; inch thick, when the dies were set to make it only 7 inch thick. 

There are a great variety of special tools, for railway and machine 
making purposes, which the writer has been obliged to pass over, and 
which would form ample material for another paper. 

In conclusion, it may be remarked that the opinion is now universal 
that, without extraordinary strength, rigidity, and power in tools their 
work cannot be accomplished either quickly or well. Accuracy in the 
manufacture of tools and their universal application have had a great 
effect in the perfection of the work executed and in the facility and 
economy of its performance. By the assistance of gauges for different 
parts of machinery, the advantages of engineering tools have been more 
fully realized; and no engineering work, of whatever magnitude, need 
how remain unaccomplished for want of tools. 

Notwithstanding the length of time during which the improvement 
of tools has been in progress, and the great advance that has been 
made, it may be said that at the present time there is a wider field for 
improvement than ever, and a constant and increasing demand for tools 
of novel construction for special purposes. 


Number of Useful Plants. 
From the London Reader, May, 1$65.§ 

** Cosmos ”’ states that, according to a German author, the number 
of useful plants has risen to about 12,000; but it must be remembered 
that these researches have been completed only in certain parts of the 
earth. There are no less than 2500 known economic plants, among 
which are reckoned 1100 edible fruits, berries, and seeds, 50 cereals, 
40 uncultivated edible graminaceous seeds, 23 of other families, 260 
comestible rhizomes, roots, and tubers, 37 onions, 420 vegetables and 
salads, 40 palms, 52 varieties of arrowroot, 51 sugars, 40 saleps. Vi- 
nous drinks are obtained from 200 plants, aromatics from 266. There 
are 50 substitutes for coffee, 129 for tea. ‘Tannin is present in 140 
plants, caoutchouc in 96, gutta percha in 7, resin and balsamic gums 
in 389, wax in 10, grease and essential oils in 330. 88 plants contain 
potash, soda, and iodine, 650 contain dyes, 47 soap, 250 fibres which 
serve for weaving, 44 for paper making, 48 give materials for roofing, 
100 are employed for hurdles and copses. In building 740 are used, 
and there are 615 known poisonous plants. According to Endlicher, out 
of the 278 known natural families, 18 only seem up to the present 
time to be perfectly useless. 
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Professor Graham's Law of Gas Diffusion. 
From the London Reader, May, 1865. 

Mr. G. F. Ansell, of the Royal Mint, has proposed a novel appli- 
cation of Professor Graham’s law of gas diffusion for the purpose of 
ascertaining and giving warning of the presence of accumulations of 
fire damp in coal mines. The apparatus described by Mr. Ansell isa 
glass U-tube, having one aperture closed with a plate of graphite or 
equivalent porous diaphragm, and a few inches of mercury in the bend. 
If such an arrangement, filled in the first instance with air, be placed 
under the influence of an atmosphere containing five per cent., or even 
less, of light carburetted hydrogen or marsh gas, the presence of such 
admixture will be instantly detected by the passage of the gas through 
the interstices of the graphite, and the consequent expansion in vol- 
ume of the gaseous contents of the tube; the column of mercury then 
rises in the opposite limb of the apparatus, and is made to record it- 
self either by completing the circuit of a voltaic alarum, by deflecting 
a gaivanometer needle, or, lastly, by an adaptation of the simpler me- 
chanism of a wheel barometer. We understand that the invention has 
been patented by Mr. Ansell, and, inasmuch as it gives great promise 
of successful ensployment, the apparatus must be deemed well worthy 
of immediate trial. 


Cornish Engines. 
From Herapath’s London Railway Journal, No. 1376. 

The number of pumping engines reported this month is 31. They had 
consumed 1905 tons of coal, and lifted 12,800,000 tons of water 10 
fathoms high. The average duty of the whole is therefore 48,700,000 
pounds, lifted one foot high, by the consumption of 112 pounds of 
coal.—Lean’s Engine Reporter for August. 


Report of the Balloon Committee. 
From the London Mechanics’ Magazine, September, 1865. 

This report was read by Mr. Glaisher. It stated that the committee 
had been reappointed last year in order, first, to examine the electri- 
eal condition of the air at heights; second, to verify the law of the de- 
crease of temperature, as found from summer-day observations already 
made, with day observations at other seasons of the year, but prin- 
cipally in the winter and the adjacent months; third, magnetical ex- 
periments, observations with the spectroscope, the currents of the 
atmosphere, solar radiation at different heights, and hygrometrical 
observations, though secondary, were held as very important subjects 
of investigation ; fourth, to arrange for observations at night, and to 
make such observations if possible. With respect to the first subject 
no further progress had been made, the instrument prepared for the 
purpose not having been rendered available for use. Under the second 
and third heads some progress had been made, though not to the ex- 
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tent anticipated. As to the fourth object, no night observations had 
actually been made. ‘To take such observations it was imperatively 
necessary to have some means of illumination, so that the instruments 
could be read. Various suggestions had been made on this point, but 
the best plan seemed to be to employ a Davy lamp. ‘Two such lamps 
had been made for Mr. Glaisher of copper, so that the proximity of 
magnets did not affect them. Experiments had shown that these lamps 
might be used with perfect safety, and that they kept well alight, be- 
sides affording a source of grateful warmth not before possessed. All 
necessary arrangements were now made for night observations, though 
there were no results yet for presentation, and a series of such obser- 
rations would be very useful. ‘The same instruments, with the addi- 
tion of a fine spectroscope and a delicately mounted magnet, had been 
employed, as during the previous year. ‘The instruments were attached 
to the outside of the car, and were easily read in that position. Up to 
the last meeting of the Association, twenty-two ascents had been made, 
of which seventeen had taken place in June, July, August, and Sep- 
tember, and five only in the other months of the year, viz: one in 
January, one in March, two in April, and one in October. Of the 
summer ascents, one had been made in the morning, and the rest in 
the afternoon or evening. The committee considering that day and 
high experiments in summer had better be brought together before 
more were made, Mr. Glaisher devoted all his efforts to secure as many 
ascents as possible between October and April, but he had succeeded 
in three instances only, on December 1 and 50, 1864, and on Feb- 
ruary 27 last. ‘The three ascents were made at Woolwich, and the 
paths of the balloon were shown in diagrams. The small number of 
ascents was due to winter being an unfavorable season for balloon ex- 
periments. But as with regard to the progressive diminution of tem- 
perature with elevation, the diffusion,of vapor in the atmosphere, the 
density of clouds, their extent, and currents in the atmosphere, and 
all connected with the higher regions of the atmosphere in winter, we 
are in almost entire ignorance. It is the most important season for 
experiments. Proceeding to speak briefly of the three ascents, the 
report stated that the balloon left the earth on December 1 at 2-37 P. 
M., with a temperature of 48 degrees, which remained almost unal- 
tered till the height of 800 feet was passed. Having slightly increased 
up to that point, it then gradually declined to 51} degrees at about a 
mile high. On December 80 the balloon left at 2:12 P. M., with a 
temperature of 423 degrees. In the first 500 feet it inclined 2 degrees, 
at 1000 feet it was 37 degrees, at 2000 feet it was 35} degrees, at 
2500 feet cloud was encountered, and the temperature was 51 degrees ; 
at 3300, at the upper surface of the cloud, it was 27 degrees, on get- 
ting above the cloud the temperature rose, and at 400 feet above it had 
increased to 314 degrees. On February 27 the earth was left at 1°58 
P. M., the temperature was 52 degrees, and declined gradually to 85 
degrees, when a cloud 1000 feet in thickness was reached. In passing 
through this there was no change of temperature, but above it the tem- 
perature increased with elevation. Comparison established that these 
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results differed greatly from those obtained in summer, and showed 
that the laws of temperature varied at different seasons. The courses 
in the three ascents were very nearly the same after reaching a cer- 
tain point. The winds prevailing in the higher regions in January 
and February were W. and S.W. This was unfortunate in regard to 
the ascents, as it necessarily shortened their duration. Since that time 
Mr. Glaisher has been making preparations for night ascents. The 
ascents made, however, were important in proving the constancy of 
the S.W: current during the winter months, which was also confirmed 
by observations at the Royal Academy. In the descent on December 
30, Mr. Glaisher was unable to make any magnetic observations, as 
the balloon was in a constant state of revolution, but on other occa- 
sions he had succeeded in obtaining results which corresponded with 
those found at other periods of the year. At every opportunity dur- 
ing these ascents, Mr. Glaisher had directed the spectroscope to the 
sun, and always saw a very fine spectrum with many lines, more nu- 
merous than on earth and better defined. The spectrum usually ex- 
tended from A to far beyond H. The spectrum was perfect, with a 
much narrower opening of the slit than on the ground, and lines could 
therefore be clearly resolved which could not be seen from the earth. 
A blackened bulb thermometer, placed near another carefully screened, 
for determining the temperature of the air, generally read the same as 
the latter. No tinge of ozone was shown on the test papers in any of 
the journeys. The report contained a mass of figures relating to the 
observations, which were detailed with every minuteness. 

Mr. Glaisher’s disappointment at finding his time for observation 
always cut short by the inevitable tendency of the balloon towards the 
sea, was compensated for when he considered the high importance of 
the continuance of southwest winds in winter. Constant observation 
last winter, from October to March, had found the wind always in the 
same direction, whenever it was possible to determine the motion of 
the upper air, no matter from what quarter the earth wind came. The 
high temperature we experienced in winter seemed due greatly to this 
current, which met with no obstruction in its course towards us, but 
blew directly hither and to Norway over the Atlantic. These winds 
only reached France when they had passed over the whole of Spain 
and the Pyrenees, and they had then become so much cooled that 
France derived comparatively little benefit from them. This appa- 
rently caused the more severe winters in that country. It was proba- 
ble that our milder winters were due to these winds. After touching 
on the subject of the ultimate destination of the heat rays which con- 
stantly issue from the sun, Mr. Glaisher said that a few months pre- 
viously he had thought that would be his last report on balloon ascents, 
He had devoted his entire leisure for three years tu these experiments, 
and every day he was so occupied was a day taken from the month’s 
holiday allowed him as an attache of the Royal Observatory. As, very 
properly, no personal expenses were allowed by the Association, he 
had to pay them himself, and he had also had to defray the cost of the 
necessarily heavy calculations. He felt, therefore, that he had pers 
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formed his share of these experiments, and that they might cease for 
the present, and fresh ones be made at a future day by others. But 
on seeing, in preparing this report, how deficient they still were in 
winter ascents and morning ascents, but, above all, in night opera- 
tions, he had determined, in consultation with the committee, to make 
some night ascents at once, if possible, and therefore he would proba- 
bly have to address them again at their next meeting. 


The Explosion at the London Gas Works at Nine Eling. 
From the London Journal of Gas Lighting, No. 341. 

The evidence adduced at the coroner’s inquest may be thus briefly 
recapitulated. The works of the London Gas Company at Nine Elms 
comprised two telescopic gasholders, about 4000 feet apart, each 150 
feet in diameter, with two lifts of 30 feet, and, when filled, each one 
contained one million cubic feet of gas. The accident occurred about 
quarter past two o'clock in the afternoon, when the southern gasholder 
was quite full, and the northern one was about 38 feet high. Between 
the two gasholders, but within 20 feet of the northern one, was a build- 
ing 79 feet long by 39 feet wide and 25 feet high, which contained 
the station meter in the centre, the governors being at the eastern end, 
with a second floor for store rooms, and workshops over them. The 
foreman’s office, photometer room, &c., were at the west end of the 
building, with a second floor over them. The central part, occupied 
by the station meter, was open to the roof, on which was a glazed ven- 
tilator, extending the whole length of the meter-house. There was 
space enough in the building for a second meter of the largest dimen- 
sions, and in the south wall there was left an opening suflicient for the 
admission of the drum of the second meter, whenever it might be re- 
quired. It was intended to close that opening with doors, but they 
had not been fixed, and the space was left open at the time of the ac- 
cident. Two governors, one for a 36-inch main and the other for a 
24-inch main, had been fixed on a stage raised about 2 feet high above 
the floor of the meter-house, and a third governor was in the course of 
erection. The gasholder of the larger governor was floated by an air 
vessel, and that of the other governor was counterbalanced bya weight 
suspended from the opposite extremity of a beam, each one being kept 
in position by friction rollers acting in three guide columns, and by 
three sets of friction rollers fixed round the bottom. At 11 A.M., 
the outlet and inlet valves being still open, the by-pass valve of the 
24-inch governor was opened, and the gas was sent to the company’s 
gasholders at Vauxhall. At about a quarter past two o'clock an alarm 
was raised that gas was escaping from that governor, the gasholder of 
which had been tilted, and several men who had been at work in the 
building were seen endeavoring to force it back into the governor 
tank. At that time the gas was rushing through the water with great 
violence. ‘Two heroic servants of the company, Mr. Marven, the de- 
puty manager, and Michael Doolan, the deputy valve man, saw the 
danger, and, at the imminent risk of their lives, rushed into the house 
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in the hope of preventing an explosion. Marven first extinguished the 
test light which was burning in the meter-house, and then assisted 
Doolan in closing the valves of the governor. They succeeded in clos- 
ing the outlet valve, and had descended into the vault below the stage 
and had half closed the inlet valve when the explosion took place, 
which destroyed the entire building and buried about thirty men be- 
neath the ruins, seven of whom were killed. The side of the gasholder 
next to the north wall of the meter-house was forced in with great vio- 
lence, and the crown was rent open, the sheet iron plates being turned 
over outwards so as to make an irregularly shaped aperture of about 
1200 feet area. Through that aperture the gas forced its way, and, 
becoming ignited, blazed fearfully for a few seconds till it had all es- 
caped, and the gasholder descended rapidly into the tank. The eastern 
wall of the meter-house was forced against and crushed in a portion of 
the front wall of some workshops about 25 feet distant; but the south- 
ern and western walls were blown into the yard without doing much 
damage. The effect of the explosion on the second gasholder is most 
remarkable. Its nearest point to the meter-house was 320 feet, but 
the concussion cracked the sheet iron of the outer ring of the crown, 
between the rivets by which the plates were fastened to the angle iron 
curb, for a length of 6 or 8 feet on the side next the meter-house, and 
through that rent the gas escaped, and, becoming ignited, burned with 
great fury until all the gas was consumed. ‘The gasholder was not 
further damaged, and in a few days it was repaired and again at work. 
One of the guide columns against which the flame impinged curved 
slightly during the burning of the gas, but straightened again on cool- 
ing, though a slight crack was produced which has been temporarily 
repaired by hooping it; but with this exception the guide columns of 
both gasholders are uninjured. 

Of the persons buried under the ruins of the meter-house, seven were 
dead when extricated, three others died after having been taken to the 
hospital, and fifteen or twenty other men were more or less burned by 
the explosion. The escape of Marven and Doolan with trifling inju- 
ries is almost miraculous; but no damage appears to have been done 
tothe pipes or valves in the chamber underground in which they were, 
and even the wooden stage immediately above them was only slightly 
injured. Neither is the station meter much damaged, such injury as 
it has received having been occasioned principally by the debris falling 
on the sheet iron cover, the case and the drum remaining untouched. 
The guides of the 24-inch governor were broken short off at the tank, 
but the gasholder itself was in its place, and it has been only crippled 
by the falling material. Thus it appears that, in the very midst of the 
flame, the gas in the governor, which was the cause of the accident, did 
not explode. 

There are three ways by which gas may escape from governors as 
at present constructed. In the first place, by the detachment of the 
internal cone from the top of the gasholder, owing to the breaking of 
the link by which it is suspended, whereby the counterbalance weight 
would raise the gasholder out of the water. In the second place, the 
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gas may escape from want of water in the tank; or, thirdly, by the 
accidental tilting or upsetting of the bell of the governor. The evi- 
dence at the inquest shows that the latter was the cause of the escape 
of gas at Nine Elms. The valve man, Bartlett, stated that the “seal” 
was 8 inches, and as the gasholder gave a pressure of only 6 inches, there 
were 2 inches to spare. The cone was found after the accident to be 
securely suspended from the governor gasholder; therefore the acci- 
dental tilting of the bell by the plasterers at work on a scaffold in 
plastering the ceiling over the governor seems to be the only conclu- 
sion we can arrive at as to the cause of the escape of gas. 

It is almost impossible to estimate the quantity of “mixed gas and 
air that exploded, for the large central opening would permit all the 
gas below that level to pass outwards. The total capacity of the meter- 
house building Dr. Letheby calculates to have been €1,000 cubic feet, 
and the quantity of gas that might have escaped by the tilting of the 
smaller governor would be amply sufficient to have filled the whole area 
with an explosive mixture of gas and air during the few minutes that 
Doolan was absent to take the stock of gas. The ignition appears to 
have taken place at some lights in the meter testing shop, 58 feet dis- 
tant from the governor. The current of mixed gas and air must have 
crossed a roadway between the meter-house and the workshops, and 
have passed through windows before its ignition; for, with the excep- 
tion of a smith’s fire—which was about the same distance as the lights 
in the meter testing shop, but opposite to which there was not any open- 
ing in the meter-house wall—there was no other light at which the igni- 
tion could have occurred. 

The verdict of ‘* Accidental death” was the only one which the jury 
could have rationally given after the evidence brought before them. 
They evidently came to the inquiry prejudiced by the erroneous and 
exaggerated accounts in the papers ; but as the witnesses were exam- 
ined they began to see the fallacy of those representations, and felt so 
satisfied by the evidence of Dr. Letheby that the gasholder did not 
and could not explode, that they did not require any confirmation of 
his statements, though Professor Pole, Mr. Siemens, and Mr. Barlow 
were present, and were prepared to do so. 

The recommendation of the jury, that precautions should be taken 
to protect governors from being tampered with, has directed the at- 
tention of gas engineers to the methods most likely to effect that ob- 
ject. Mr. Watson, the Engineer of the London Gas Company, pur- 
poses to adopt the very effectual plan of enclosing the governors, and 
of carrying shafts from each through the roof into the open air. Mr. 
Evans, the Engineer of the Ch: rtered Company, proposes to enclose 
the gasholders ‘of governors in Jackets with stufling boxes at the top, 
through which the suspension rod can pass—a plan which has been 
already adopted by Mr. Garnett, of the Ryde Gas Works. Mr. Prit- 
chard, of the Western Company, suggests a sheet iron Jacket with a 
small hole in the centre of the crown, just large enough for the free 
working of a small wire rope by which the gasholder may be suspended. 
The last is the simplest, and ‘perhaps the most practicable plan. It 
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does not in any degree affect the action of the instrument, and it has 

the additional advantage that the air confined in the jacket would form 

a cushion that would prevent the sudden rising of the cone by an in- 

crease of pressure, which has sometimes been the cause of the snapping 

of the link connecting the cone with the gasholder. The adoption of 
any one of these contrivances would, there could be no doubt, com- 
pletely prevent the recurrence of such an accident as that at Nine 

Elms; but, above all things, we strongly recommend gas managers to 

see for themselves that the governors are perfectly char; ged with w ater, 

for which purpose a small stream might be const: intly kept running 
through, as is done with station meters where great accuracy of regis- 
tration is desired. 

The district lighted by the London Gas Company was for one night 
deprived of gas illumination by the damage done to their two large gas- 
hol lers; but the C hartered, the Imperial, the Phoenix, and the Equi- 
table Gas Companies promptly offered their assistance, and the light- 
ing was resumed on the following night. 

The advocates of the system of laying gas pipes in subways ought 
to reflect upon what may be the consequence of constructing mines 
under crowded thoroughfares that are liable at any moment to be filled 
with mixtures of gas and atmospheric air equal in their explosive pro- 
perties to the contents of the meter-house at Nine Elms, which has 
been the cause of such fearful destruction of life and property. The 
subway of the Holborn Viaduct, designed by the city architect, is of 
proportions and construction that would involve the destruction of the 
whole street, were any such accident to occur ; and those in course of 
construction by the Metropolitan Board in the Thames Embankment, 
and in the new street, from Blackfriars to the Mansion House, though 
not so colossal in their proportions as that of the proposed Holborn 
Viaduct, partake of all its sourees of danger, and the objections of gas 
companies to lay their mains in them will be greatly strengthened by 
the experience which this catastrophe has afforded. The Metropoli- 
tan Board would do well to rescind their resolution by which these 
structures are being formed in anticipation of the current of public 
feeling becoming sufficiently strong to drive the gas companies into 
them at some future time, as it is evident, from the panic which this 
explosion has created, that the public feeling is now setting in the op- 
posite direction. 

On Chemistry Applied to the Arts. By Dr. F. Crace CaLvert, 

F.R.S., F.C.S. 
From the London Chemical News, No, 252. 
(Concluded from page 34.) 
Lecture VI. 

FLesu, its chief constituents, boiling and roasting. Animal hack, its manufacture 
und applications. Various methods of preserving animal matters. Employment 
of animal refuse in the manufacture of prussiate of potash. A few words on the 
decay of organic matters, and their fermentation and putrefaction, 

I shall now examine with you some of the various causes which con- 
tribute to the destruction of animal matters, when it arises from slow 
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decay or putrefaction. The first of these to which I shall have the 
pleasure of calling your attention is that observed by Dr. Stenhouse, 
who, in 1854, made the curious discovery that, if the body of an ani- 
mal was buried in a carbonaceous mass, such as charcoal, after a few 
months the whole of the animal, excepting the skeleton, would entire ly 
disappear; and what was still more remarkable was that, though the 
experiments were conducted within his laboratory, no unpleasant ef- 
fluvia were apparent to those who were constantly there. This emi- 
nent chemist attributed the rapid and complete destruction of animal 
tissue in these experiments to the oxidation of the animal matters by 
the oxygen of the atmosphere; but to enable you fully to understand 
how this occurs, I must call your attention to the following facts: Lo- 
witz, many years since, observed that chareoal possesses the property 
of absorbing and condensing i in its pores large quantities of various 
gases, and ‘Theodore de Saussure made an extensive series of experi- 
ments, from which I extract the following data: 
One cubic inch of boxwood charcoal absorbed of— 

Ammonia, : , 7 ‘ P 90 ¢ ubic inches, 

Hvdrochloric acid, . 

Sulphurous acid, 

Sulphuretted hydrogen, 

Carbonic acid, 

Oxygen, 

N itrogen, ° ° . 
Consequently, the absorption or condensation of a gas in charcoal ap- 
pears to be in ratio to the solubility of the gas in water, and although 
the condensation by a solid and by a liquid may at first appear neces- 
sarily due to different causes, and, therefore, to bear no relation to 
each other, yet, in my opinion, these two actions are identical. See- 
ing that the gas is condensed by the molecular attraction of the solid, 
I do not see why the same attraction should not be exercised by the 
molecules of the liquid. The different degrees of solubility of various 
gases are no doubt owing to their respective physical properties, such 
as specific gravity, repulsive or expansive forces of their molecules, Xe. 
I may here mention that I am now engaged in a series of experiments, 
in the hope of throwing some light on | this interesting question. 

Gay-Lussac, in his researches on the condensation of gases by char- 

coal, found that one gas may expel and take the place of another gas 
already condensed in the charco: il; and Dr. Stenhouse, following | up 
this observation, states that the gases, vapors, and sporules genet rated 
by the putrefaction of animal substances are absorbed by charcoal and 
brought into immediate contact with the oxygen of the atmosphere also 
contained in the pores of the charcoal, while oxidizing or destroying 
the products of putrefaction converts them into water, carbonic acid, 
nitric acid, ke. These important scientific observations of Dr. Sten- 
house have already received practical application. Thus, Mr. Hay- 
wood has established charcoal filters at the mouths of public drains, 
thereby arresting the escape and diffusion in the atmosphere of the 
noxious effluvia given off by the putrefying matters in the sewers. 
Further, charcoal respirators have become extensively used since Dr. 
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Stenhouse called public attention to the valuable properties of this 
substance; and, lastly, atmospheric filters, containing charcoal, have 
been successfully applied in the Houses of Parliament to purify the 
entering air from any noxious gases it may contain before passing into 
the building. The natural decay or destruction of organic matters is 
due to two perfectly distinct causes—one of them chemical and the 
other physiological. The former has been investigated by many of 
the most eminent chemists of the day, and no doubt can remain that 
the action of the oxygen of the atmosphere converts the carbon of or- 
ganic substances into carbonic acid, the hydrogen into water, the sul- 
phur into sulphuric acid, the nitrogen into nitric acid, the phosphorus 
into phosphoric acid, &c. Much light has recently been thrown upon 
these phenomena of M. Kuhlmann, who clearly shows that the oxides 
of iron play a most important part therein; thus that the sesquioxide 
of iron yields its oxygen to the elements of the organic matters; that 
the protoxide of iron thereby formed absorbs oxygen from the air, 
which reconverts it into sesquioxide, and this again yields its oxygen 
to a fresh portion of organic matter, so that sesquioxide of iron is a most 
powerful oxidizing agent, it being, in fact, the condenser of oxygen 
and the medium of its conveyance to and destruction of organic sub- 
stances. MM. Chevreuland Kulhmann have also shown that sulphate 
of lime acts in a similar manner, namely, that it yields its oxygen to 
the elements of organic substances, and is thus converted into sulphu- 
ret of calcium, which, having a great affinity for oxygen, is again 
rapidly converted into sulphate of lime, and thus the oxygenation and 
destruction of the organic matter is effected. Mr. Millon has pub- 
lished an interesting paper on the formation of nitre, or nitrate of 
potash through the ammonia generated during the destruction of or- 
ganic substances being oxidized into nitric acid, which combines with 
potash, if present, and if not, with lime or magnesia, which are pre- 
sent in all soils. Mr. Millon has remarked that this important chemi- 
cal reaction is effected by an organic substance called humic acid, 
which acid, or its homologues, exists in large quantities in all earthly 
loams containing much organic and more especially vegetable matters 
in a state of decomposition. Humic acid absorbs the oxygen of the 
atmosphere, which oxidizes the ammonia into nitric acid and water. 
The chemical theory of the destruction of organic matters through 
oxidation, and their absorption of plants and reconversion into the 
same substances from which they were derived, such as sugar, starch, 
gum, oil, essences, Xc., or albumen, fibrine, gluten, caseine, Kc., was 
greatly in favor a few years since, as it appeared to fulfil all the re- 
quirements of nature. It has, however, been greatly shaken by the 
beautiful researches of M. Pasteur on fermentation, putrefaction, and 
spontaneous generation, which proves clearly that these physiological 
actions play a most active part in the destruction of organic substances. 
This most skilful chemist has demonstrated that there is no such thing 
as spontaneous generation, and that the notion entertained by some 
physiologists, that if matter is placed in favorable circumstances as to 
heat, light, &c., and in a proper medium, it will become spontaneously 


120 Mechanics, Physics, and Chemistry. 


animated, is undoubtedly erroneous, and that life in all instances pro- 
ceeds from a germ or egg in which the vital principle is implanted by 
the Creator. He proves that life, even in the most insignificant of 
microscopic creatures, always originates thus, and that there is no 
single instance of matter being animated by purely physical causes. 
Let me draw your attention to a few among many facts observed by 
M. Pasteur, proving that life is not a property of matter, like weight, 
electricity, compressibility, &c., but is always the result of a germ, even 
in its lowest development. 

When arterial blood is carefully introduced from the artery into a 
clean vessel, and there brought into contact with oxygen, no ‘fermen- 
tation or putrefaction of the blood ensues ; ; and if the experiment is 
repeated, substituting for the chemically prepared oxygen atmospheric 
air which has been passed through a tube containing pumice-stone and 
carried to intense heat, in this case also there is no putrefaction or fer- 
mentation; but if ordinary atmospheric air be used in the place of 
pure oxygen or heated air, and left in contact with some of the same 
blood, this vital fluid will rapidly putrefy, which is doubtless owing to 
the presence in the atmospheric air of the sporules or eggs of mico- 
derma and vibrios, or organized ferments, which give rise to the vari- 
ous chemical phenomena and changes of organic matters into products 
which characterize fermentation and putrefaction. The same results 
are obtained when fresh urine is substituted for blood, an important 
fact, proving that the germs of fermentation do not exist in the fluids 
themselves, and that fermentation does not proceed from any molecu- 
lar or chemical change in the composition or nature of the organic sub- 
stances contained in blood and urine, but that the ferment from which 
these phenomena proceed is to be sought for in the atmosphere. | 
shall substantiate this view by several other interesting observations 
made by M. Pasteur. 

If some asbestos is heated to a red heat and plunged into a liquor 
susceptible of putrefaction, such as a saccharine liquor, no fermenta- 
tion ensues; but if atmospheric air is passed through asbestos at natu- 
ral temperature, and the latter then immersed in a similar solution 
of sugar, active fermentation soon takes place, proving that the at- 
mospheric air has left on the surface of the asbestos sporules of the 
micoderma vini, which being introduced with the asbestos into the 
saccharine fluid, originated the well-known alcoholic fermentation. 
Another beautiful series of experiments by M. Pasteur is the follow- 
ing: He introduced into 60 small balloons a small qu: antity of a highly 
putrescib le fluid, and after boiling the fluid in order to drive out the 
remaining air in the balloons by the formation of steam, he closed the 
small apertures, so that on cooling the steam condensed and a vacuum 
was produced. He then proceeded to open 20 of these balloons at the 
foot of one of the hills of the Coté d’Or, 20 others at the summit of 
the same, (about 2000 feet high,) and the remaining 20 at a point near 
Chamounix, and the following results were observed: Of the first 20 
balloons, the contents of 15 entered into putrefaction within a few 
days; of the second 20 only 6; and of the third 20 only 2 gave signs 
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of fermentation. These results, as well as some others, published by 
M. Pasteur, prove that the sporules or germs of putrefaction and fer- 
mentation exist in all parts of the atmosphere, but more abundantly in 
the lower strata, which are necessarily in contact with great quantities 
of organic matter in a state of decay, and that these sporules become 
scarce in the upper regions, which are further removed from the source 
of pollution. Further, he has proved, as I stated in my last lecture, 
when speaking of the preservation of milk, that fluids extremely liable 
to fermentation or putrefaction may be prevented from entering into 
those conditions by heating them to 250° or 260°, a temperature at 
which the sporules cannot resist decomposition in the presence of water. 
M. Pasteur has advanced a step further in this interesting inquiry, 
for he has demonstrated that there are two distinct phases in putre- 
faction. In the first there are the vibrios produced in the bulk of the 
fluid containing animal matters in solution, and these microscopic ani- 
mals unfold the organic substances into more simple compounds; in 
the second phase, there are produced on the surface of the fluid erypto- 
gams, which he calls mycoderms, and which absorb oxygen from the 
air, and oxidize the products developed by the vibrios. In the case 
of the fermentation of vegetable substances, such as saccharine matters, 
there are mycoderms, (.Wycoderma vini,) which unfold them into, say, 
alcohol and carbonic acid, while other mycoderms (Mycoderma aceti) 
are produced, and grow on the surface of the fluid, oxidizing the aleo- 
hol into water and acetie acid. He therefore concludes that the ani- 
mal vibrios and vegetable mycoderms exist abundantly in nature, and 
that they must be and are the most active causes of the destruction 
of vegetable and animal substance which have fulfilled their vital fune- 
tion on the earth, reducing them into water, carbonic acid, ammonia, 
sulphuretted hydrogen, &c., which, in their turn, become the foods of 
a succeeding generation of plants and animals. We may, therefore, 
truly say that death is life in the constantly reviving world. 

M. Pasteur has observed another most curious fact connected with 
these microscopic beings, (I say microscopic, because it requires a 
most powerful instrument and high powers to distinguish them, and 
to ascertain that vibrios possess a vibratory motion while mycoderms 
are stationary.) this is, that vibrios are the only animals which can 
live in pure carbonic acid, and which are killed by oxygen even di- 
luted with another gas. Oxygen is essential to the life of mycoderms, 
and some of them can also exist in carbonicacit. Lastly, M. Pastear 
has noticed that if a very small amount of yeast is added to a saccha- 
rine fluid, the yeast will not materially increase in quantity, because 
the new generation which is produced lives on the rewains of its par- 
ents; but if phosphate of ammonium or of lime and some sal-ammoniac 
is added with the yeast, the latter will rapidly increase end occupy 
several times its original bulk. It is curious to observe that these 
microscopic cryptogams require the same kind of food as man. Thus, 
they require nitrogenated food—so do we. They require mineral 
food, as phosphates—so do we. They require respiratory food—so do 
we. ‘They produce carbonic acid as part of their vital functions—so 
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do we. I cannot do better than conclude this part of my subject by 
giving the following table descriptive of the various ferments observed 
by M. Pasteur: 

FERMENTATION. 


Alcohol. 
Mycoderma Unfolds Carbonic acid. 
vini. sugar. Succinie acid. 
Glycerine. 
Mycoderma Oxidizes Acetic. 
aceti. alcohol. Water. 
PUTREFACTION. 
Infusorial Ferments. 
Vibrios unfold animal substances." 
Bacteria oxidizes organic matters of an animal origin. 


I should mislead you, however, if I did not call your attention to 
another class of fermentations, which are chemical in their nature and in 
their action. This, for example, is the case when bitter almonds are 
crushed and mixed with water. The amygdaline they contain is decom- 
posed into prussic acid, hydruret of benzoil, &c., by the ferment they 
contain, which is called emulcine. Again, when black mustard is re- 
duced to meal, and placed in contact with water, the myronic acid it con- 
tains is decomposed into the essential oil of mustard, a most corrosive fluid, 
and this is also effected by a special ferment called myrosine. Again, 
when malt is mashed with water of a temperature of 170°, its starch 
is converted into sugar by a ferment called diastase. We also know 
that the starch which we take into our stomachs as food is converted 
into sugar by animal diastase, which exists in the saliva as well as in 
the pancreatic juice, and that this conversion is identical with that 
which takes place in the mash-tub. In fact, the whole of the changes 
which our food undergoes to render it fit for assimilation in the diges- 
tive organs of the body may be considered as a series of different fer- 
mentations. What gives a further interest to those chemical ferments 
is, that not only are they all nitrogenated, and possess a chemical com- 
position, but they present many identical properties, still each has its 
own peculiar action; that is, it will only cause fermentation in those 
matters which have been placed by nature in contact with it. Thus 
diastase will not convert amygdaline into prussic acid, hydruret of 
benzoil, &c., nor will myrosine convert starch into sugar. 

In conclusion, it is certain that our knowledge of these interesting 
phenomena of putrefaction, fermentation, &c., is yet in its infancy, and 
there is no doubt that many important discoveries in this intricate 
branch of knowledge will, from time to time, be brought before the 
world, and reward science for its persevering efforts. 

[This lecture concludes Dr. F. C. Calvert’s course as delivered before 
the Society of Arts; on delivery, they were listened to with eagerness 
by a numerous auditory, and have now been read with no less pleasure 
than instvuction.—Eb. C. V.] 


Magnetic Declination. By Dr. Jovxe. 
From the London Mechanics’ Magazine, May, 1865. 

At the ordinary meeting of the Literary and Philosophical Society, 
March 21, 1865, R. Angus Smith, Ph. D., F. R. S., President, in the 
chair, Dr. Joule described an instrument he had constructed, for show- 
ing rapidly minute changes of magnetic declination. The adjoining 
cut represents a section of the instrument. a is a column of small 
magnetic needles suspended by a filament of silk. Attached to its 
lower end is a glass lever 4, with a hook at its end. A fine glass lever 
e is suspended by a single filament of silk, its shorter arm being con- 
nected with the first lever by means of a small hook attached to the 
fibre d. The whole is enclosed in a stout copper box, into which light 
is admitted through a lens e, cemented into an orifice immediately 
under the object-glass of the microscope f. The microscope magnifies 
about 300 linear, and has a micrometer in its eye-piece, with divisions 
corresponding to y,j's,ths of an inch. One division corresponds to a 
deflection of the needle of 43’; and as a tenth of a division can be 
very readily observed, the instrument measures deflections to within 
half a second. So rapid is the action that, on applying a small mag- 
netic force, the index takes up its new position steadily in two seconds 
of time. Besides being a damper to the motion of the needle, the 
copper box, by its conducting power, 
equalizes the temperature rapidly, so ——T 
that the indications are not to any con- 1 
siievable extent disturbed by currents 7 
of air. The success of the present in- | 
strument encourages the hope that very | 
much greater delicacy may be obtained 
by a further multiplication of the mo- 
tion and the use of a more powerful 
microscope. Dr. Joule stated that he 
hal observed an extensive magnetic 
disturbance the previous evening, the 
index being driven entirely out of the 
field of view. 

The President said that three me- 
teorological instruments of true origi- 
nality and of unprecedented delicacy 
had been described to that Society by 
the inventor, Dr. Joule. For common 
observation, the instruments were too 
refined, but in some fields of inquiry they seemed the only hopeful 
guides. Manchester had not yet a Meteorological Observatory, al- 
though the proposal had often been made to establish one. Private 
Spirit, as in the instance of Mr. Vernon and others, had made the ne- 
cessity less felt than before. But there was now an opportunity of 
beginning one with entirely new apparatus of Manchester origin, which 
would probably very much alter the quality of the inquiries made in 
meteorological establishments. 
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Mr. Baxendell stated that the Society had in its possession a ther- 
mometer constructed by the late Dr. Dalton, and which, it is believed, 
was used by him in many of his meteorological observations. The 
scale has the initials “J. D.”’ and the year “1823” engraved upon 
it; and the freezing and boiling points of water are indicated on the 
stem by fine file marks. As it is known that the zero points of ther- 
mometers sometimes change to the extent of one or even two degrees 
in the course of several years, it occurred to Mr. Baxendell that it 
would be interesting to ascertain whether any change had taken place 
in this thermometer, and he had, therefore, lately tested very carefully 
the position of the freezing point, but found that no sensible alteration 
had taken place; and he believed, therefore, that great confidence 
might be placed in the observations which Dalton had made with this 
instrument. 


For the Journal of the Franklin Institute. 
Aboriginal Ingenuity.— The Tepiti. 

Indications that American Indians were an original, and, to a cer- 
tain extent, an isolated race, are to be found in mechanical devices 
which they had, as in others which they had not ; absence in one case 
and their presence in the other being hardly reconcilable with foreign 
communication or intercourse. Tribes that became the most advanced 
carried out the thread-making idea without the distaff and pendant 
spindle; they had not the bellows nor scissors, nor is it certain that 
either the domestic lamp or candle was known. The Maya MS. dic- 
tionary is said to mention a “hanging star,’’ supposed to refer to a 
suspended light, perhaps in the temple. Then, there is no indication 
of the potter's wheelin their crockery ware. Now, could any people 
from Europe or Asia have made anything like an early settlement on 
the continent, and not have introduced one or more of these? and if 
introduced could they have vanished without leaving a trace of one 
of them north or south, east or west? We learn from Garcilasso la 
Vega how delighted his countrymen, the Peruvians, were with scis- 
sors. <A young Inca told one of his school-fellows that the Spanish 
deserved all the gold and silver in the country for introducing them 
and looking-glasses. The native mode of cutting the hair with flint 
and obsidian knives was tedious and painful. 

But there are devices peculiar to American Indians which speak to 
the same effect. Early colonists on the Atlantic or Pacific coast, or 
inland, would be alive, as new colonists ever are, to native devices, 
and ready to adopt such as had advantages over their own, and such 
they would naturally send or take to their own people. Now, among 
others, there is one that could not have escaped the observation of even 
transient visitors or settlers, and one so novel, simple, and efficient 
that, if the knowledge of it ever reached Europe or Asia, it would 
certainly have been preserved to this day. I refer to the Tepiti, or 
Cassava press, as interesting an example of primeval ingenuity as sa- 
cred or profane writers have ascribed to oriental inventors. 
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Were all the contrivances of untutored tribes collected together, they 
would present a greater range of research, and inventions more beau- 
tifully simple, than we are apt to imagine. Some are such as science 
is glad to adopt, many which she is slow to supersede, and others, as 
the boomerang, that she is puzzled to explain. Barbarian patriarchs 
of our species were the parents of the arts ; spinning and weaving rose 
with them; elemental metallurgy and earthen ware are theirs. The chisel 
and drill, the hatchet and adze they gave us, and from them the most 
precious of primitive conceptions was received—the means of producing 
and using fire. In their condition they evinced as fine talents for in- 
vention as have their descendants under more favorable circumstances. 
With them every device was original, and the arts of civilization are, 
in the main, improvements on their suggestions,—expansions of their 
ideas. We build on a foundation they laid, and cultivate a field they 
began to plant. 

Amid the furor attending modern inventions, primitive ohes are ne- 
glected, much as letters are by those who have learned to read. We 
inherit the mechanical alphabet from barbarians, and, considering the 
times, places, and circumstances in and under which the elements of 
the world’s machinery were disclosed, an account of their origin and 
early applications would form a brilliant chapter in the romance of 
history and of the first rude struggles of genius. If scholars can learn 
nothing from childrens’ “first lessons,’’ the wild man’s horn book of 
inventions may be consulted with advantage by those who are in quest 
of new ideas or even new principles. The Tepiti, a very ancient con- 
tribution of some mechanical Cadmus of the tropics, is an example. 
Having had occasion recently to refer to it, I have thought, as illus- 
trating a principle little known or used, a description of it might be 
usefully suggestive to inventors. 

On their discovery the red race was found in possession of two chief 
elements of vegetable food; one the seeds of a grass, maize, the other 
the roots of a shrub, cassava. The first was cultivated in the tempe- 
rate, the second in the warmer zones, and throughout the same paral- 
lels they are still prepared and used by the natives as by their ances- 
cestors immemoriably. Every one knows how northern Indians pounded 
their corn in mortars, and how often, among other relics turned up by 
the plough, stone implements for that purpose occur. The treatment 
of the southern product was different. The mandioca, or cassava root, is 
a species of potato, resembling, in its long, irregular figure and dimen- 
sions, the sweet potato. It cuts like our Mercers, white, firm, watery, 
and somewhat fibrous. It is cultivated as extensively throughout 
Spanish and Portuguese America as maize is with us. Farina pre- 
pared from it resembles in appearance and qualities our Indian meal. 
It is “the bread of Brazil.” There slaves live chiefly on it, and planters, 
merchants, and all classes have it always on their tables. In the pro- 
cess of converting the root into flour, a higher and more varied order 
of mechanical resource was displayed by primitive millers of the south 
than is revealed in the “‘corn-crackers ” or “‘ bread-pounders ”’ of the 
north. 
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The root is first washed, scraped, and then grated to a pulp. This 
they do on a slab of wood prepared by smearing over one side with a 
thick gum, in which they insert a multitude of sharp particles of flint 
or granite broken up for the purpose. The gum hardens like stone 
and produces a rasp or grater that lasts a life time. On one of these 
a root is rubbed down in a moment, and when any required quantity 
is thus treated, in order to get rid of the poisonous water, the pulp is 
put into the Tepiti, a coarse, basket-like tube, made of thin splits of 
cane or bamboo, three-fourths of an inch wide and rather loosely inter- 
woven. (See figure.) 

A common size is five feet long, five to six inches diameter at the 
mouth or open end, and three or four at the bottom orclosedone. A large 
loop, or a couple of strong withes, is formed at each end. When used, 
the first thing is to wet it ifdry. The operator then grasps the edges 
of the mouth with both hands, 
and, resting the bottom on the 
ground, throws the weight of 
his body on the basket till he 
has crushed it down to about 
half its previous length or 
height, and, consequently, 
swelled out its diameter. A 
smooth stick, like a broom- 
handle, is then introduced, 
the pulp put in and packed 
round it till the basket is 
filled. It is then suspended 
from a hook or the limb of a 
tree and a heavy stone or bas- 
ket of stones fastened to the 
bottom, the weight of which 
stretches the tube till it be- 
comes longer than at first. 
The capacity, of course, di- 
minishes with the extension, 
and the contracting sides 
press the pulp against the 
unyielding stick and squeeze 
out the water. Instead of 
stones one end of a log of wood 
is inserted into the lower loop 
and loaded with a papoose or 
two, or anything else at hand, 
or the squaw herself puts a 
foot in the stirrup and serves 
as the weight. 

Such is the Cassava press, 
an invention dating back to the earliest settlers of Central and South 
America, or coeval with their knowledge of the root. It was as 
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common among the Caribs of the Islands as it was and is with In- 
dians on the Amazon and Orinoco, and throughout the vast regions 
from Mexico to the Plata. In Brazil there are those who prefer it to 
screw presses imported from Lisbon and Malaga at a cost from two to 
three hundred dollars. I purchased one at a venda, for sixteen cents, 
of the above dimensions, and for it the Indian manufacturer probably 
received only three or four, certainly not over five or six. It is used 
by planters on the Amazon for expressing oil from cantanha nuts, 

If there is a current primitive invention evincing closer and happier 
reasoning out of common tracks, we know not where to look for it. 
Nor is that all; fabricated before metals or tools were known, Indians 
still bring it out of the woods with little but their hands to produce it. 
Were it proposed to compare the amount of originality and ingenuity 
in two aboriginal devices, representing the eastern and western hemi- 
spheres, | would select the Tepiti. Confront it with the analogous 
original one of the old world, the wine-press common throughout Egypt 
in her highest estate: a sack filled with grapes and twisted in contrary 
directions as washerwomen wring out wet linen. A stick was thrust 
through or attached to each end. They were turned by four men, two 
at each stick. Had the Tepiti ever been known there, it would most 
likely have been found figured with the foregoing at Thebes or Beni 
Hassan, and at Herculaneum or Pompeii with screw and wedge presses 
of the Romans. 

The capacity of the basket decreasing as the length increases may 
not be instantly obvidus to every one. “Without reflection it mi; ght be 
supposed that extension in one ‘direction would compensate for dimi- 
nution in the other, that if elongation reduced the diminution one-half 
and at the same time doubled the length, the capacity would be little 
affected. The action and effect are, however, perceived by supposing 
the instrument made of a highly elastic material, india rubber, for 
example. It might then be stretched till the sides came together and 
formed a solid thread. 

I am told the difference between a low and wide measure and a high 
and narrow one is not unknown, among others to proprietors of drink- 
ing saloons, as appears from the substitution of tall and tapered glasses 
for old Duatch-bottomed ones, over which they soar, that the change is 
a literal deduction from and a profitable application of the principle 
by which the cassava pulp is squeezed in the Tepiti. Admitting this, 
it is but one of a thousand interesting instances of physical principles 
little known creeping almost imperceptibly into extended use. It shows 
how pecuniary interest makes men of different professions active, though 
unconscious, promotors and elucidators of them. It is the working ‘of 
the same beneficent law which in the natural world “ from seeming evil 
still educes good.”” Thus, cupidity, awake to new chemical and me- 
chanical facts, and alert in applying them to every purpose that pro- 
mises to pay, is an efficient diffuser of useful knowledge. Like the 
rapacious instinct in some of the lower tribes, it contributes to the 


general good, and, as with them too, its eagerness occasionally leads 
to disappointment and loss. 
New York, December, 1>65. 
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On the Decay of Gutta Percha and Caoutchouc.* By Prof. Writ1Am 
ALLEN MILter, M.D., F.R.S. 
From the London Artizan, December, 1865. 

The inquiries to which this investigation has given rise have ex- 
tended over many months, and have included a large number of an- 
alyses, but the results obtained may be stated in a small compass, as 
they are very definite. I have examined numerous samples of gutta 
percha cables, both injured and sound, which have been in use for seve- 
ral years, and | find in all cases that the deteriorated portions have 
undergone chemical change, and that change consists in a process of 
oxidation. 

Whatever retards or prevents this oxidation, retards or prevents 
the decay of the gutta percha, some of the specimens which I examined 
being as good as new, though they had been manufactured and used 
electrically for years, whilst others in a few months had become brittle, 
rotten, and unserviceable. As the general result of these inquiries, I 
find that when the gutta percha has been completely submerged in 
water no injurious change has occurred, sea water appearing to be 
eminently adapted to the preservation of the gutta percha. On the 
other hand, alternate exposure to moisture and dryness, particularly 
if at the same time the sun’s light has access, is rapidly destructive 
of the gutta percha, rendering it brittle, friable, and resinous in aspect 
and in chemical properties. A gradual absorption of oxygen takes 
place, and the gutta percha slowly increases im weight, becoming at 
the same time proportionately soluble in alcohol and in dilute solutions 
of the alkalies. In every instance, however, some portion of the gutta 
percha remained unchanged in composition. 

My experiments have also been extended to the prolonged action of 
air, moisture, and light upon india rubber, and here also | find that 
these agents effect analogous changes, though somewhat less rapidly. 

The caoutchouc, however, instead of becoming brittle, is converted 
into a glutinous mass, losing its elasticity, increasing in weight to a 
certain extent, and becoming partially soluble in alcohol and diluted 
alkaline liquids. 

These deductions are made from the examination of a number of 
samples supplied to me partly by Captain Galton and Mr. L. Clark, 
including specimens of coated telegraphic wires suspended in air, 
specimens of submarine cables, specimens of wires sunk in the soil 
under various conditions, besides experiments instituted by myself 
upon the action of various agents upon gutta percha, and they include 
the results of an extended and well contrived series of experiments 
made at the works of the Electric Telegraph Company, under the di- 
rection of Mr. L. Clark. 

I will here subjoin an abstract of the principal experimental details, 

* A paper on this subject by Mr. Spiller having recently appeared, it has been 
thought that the Fellows might be interested in an official report made five years 
ago to the Joint Committee appointed by the Lords of the Committee of Privy Coun- 


cil for Trade and the Atlantic Telegraph Company, to inquire into the construction 
of submarine telegraph cables.—Ed. Jour. Chem. Soe. 
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and, for the convenience of reference, will arrange them under the fol- 
lowing distinct heads: 
ixperiments upon pure gutta percha. 
Experiments upon commercial gutta percha. 
. Experiments upon submerged cables. 
. Experiments upon decayed and damaged cables exposed in air 
and underground under various circumstances. 

5. Experiments upon caoutchoue. 

6. Experiments upon other compounds. 

1. Experiments on pure gutta.—Pure gutta differs in some of its 
properties from the commercial gutta. I found on examining the 
whitest samples purified by Dr. Cattell, that it formed a porous milk- 
white mass, wholly soluble in benzol, in ether, in bi-sulphide of carbon, 
and in the ordinary solvents of gutta percha. It is a perfectly pure 


hydro-carbon, probably containing C,, H,,. 1 found it to consist of— 


Found. Cc” H™®, 
Carbon, , r ‘ 88-96 or 88-88 
Hydrogen, ° . 11-4 66 11-12 


100-00 - 100-00 


When exposed to a temperature of 212° it softens but does not 
liquefy ; it loses a trace of moisture, and then gradually absorbs oxy- 
gen, becoming brown, brittle, and resinous in appearance. In one 
specimen the increase in weight amounted to 4:45 per cent. The oxi- 
dized portion is insoluble in benzol, which when digested on the brown 
mass dissolves out a quantity of unaltered gutta, which had been pro- 
tected from oxidation by the coating of resin. 

This resinous mass, when thus purified, was found to have been 
produced from the gutta percha by simple absorption of oxygen, the 
gutta having in one experiment absorbed more than a fourth its weight 
of oxygen from the atmosphere. 

2. Chemical experiments on commercial gutta percha.—The gutta 
percha of commerce is not a pure proximate vegetable principle, but 
it consists chiefly of a hydro-carbon which may for brevity be termed 
pure gutta, or simply gutta, mixed with a product of its oxidation, 
which is in the form of a soft resin, amounting to about 15 per cent. 
in the best commercial samples. 

The following is the composition of a piece of ordinary good com- 
mercial gutta percha, taken from a piece. of new cable supplied to me 
by Mr. L. Clark: 

Pure gutta, 

Soft resin, . 
Vegetable fibre, 
Moisture, 

Ash, 


The moisture reported in this analysis is mechanically diffused 
through the mass of the gutta percha, and seems to have some influ- 
ence upon its pliability and toughness. 100 parts of the commercial 
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“sample, when dried at 212° till it ceased to lose weight, deducting the 
ashes, contained : 


Carbon, : 3 : : : 84-66 
Hydrogen, , ‘ ; , . 11-15 
Oxygen, . ° ° : : ° 419 


100-09 
90 


This gutta percha softens and liquefies by a heat of 212°. It is 
soluble, with the exception of a few flocculi of fibrous matter, in ben- 
zol, in bi-sulphide of carbon, and in ether. Alcohol dissolves none 
of the pure gutta, but extracts a portion of the soft resin. This resin 
is an oxidized compound, probably in a transitional condition to a 
higher stage of oxidation. I found it to consist of— 

Carbon, . . ° . . . e 76°15 
Hydrogen, : . i ‘ : : 11-16 
Oxygen, . ‘ ° ‘ ° ° , 12-69 


100-00 


The true gutta was extracted nearly pure from this sample by dis- 
solving it in benzol, filtering, and adding alcohol, when a coagulum 
of pure gutta was obtained, which was found to consist of— 

Carbon, ‘ . ‘ . : . 7°22 
Hydrogen, ° ; : ° ‘ ° 12-04 
Oxygen, . ‘ : , ‘ ; 0-74 


100-00 


The presence of the small quantity of oxygen in this case was due toa 
little of the resia which still edhered to the precipitated mass of gutta. 

Commercial gutta percha may be preserved for months, and even 
years, with little change, either in water or in air, provided light be 
excluded. This I have found from my own experiments, and the re- 
sults which I have myself obtained are confirmed by experiments made 
by Mr. Clark. The following are some of the most important of these 
experiments: 500 grs. of thin sheet gutta were exposed under various 
conditions at the end of last October at the Electric Cable Works. 
The various samples were examined on the 2d of July of this present 
year (1860). 
. In netting, exposed to sun and rain in open air. * 
In a bottle, open to the air and light but excluded from rain. 

a bottle, open to the air but excluded from light. 

fresh water, open to air and light, 

fresh water, open to air excluded from light. 

fresh water, excluded from air and light. 

sea water, exposed to air and light. 

sea water, excluded from light but exposed to air. 

sea water, excluding both light and air. 

The specimens 4, 5, 6, 7, 8, and 9 were wholly unaltered, with the 
exception of a slight increase in weight, due to the absorption of water, 
which they lost again after exposure to the air for an hour or two. 
The tenacity and structure of the material did not appear to have un- 
dergone the slightest change. 


DD AIS? Or He CO SD 


Furnace Slags. 131 


No. 2, which had been folded up and introdaced into a bottle, the 
mouth of which was open and inverted, had increased in weight from 
500 grs. to 524-5 grs., or about 5 per cent., owing to absorption of 
oxygen from the air. The outer layers of the sheet, where exposed 
to light, were brittle and resinous in appearance, but the inner portion, 
which had been screened from light by the outer folds, was but little 
altered in texture or appearance. 

On examining chemically a portion of the most brittle part, I found 
a large portion of it to have lost the composition of gutta, and to have 
become converted into a matter soluble in alcohol, 55 per cent. of the 
mass being in fact transformed into the resin already spoken of. 

The sample No. 3, which had been kept in the dark, had experienced 
little or no change. It had only increased 2-5 grs. in weight, or 0°5 
per cent., and when treated with alcohol gave up 7-4 per cent. of re- 
sinous matter to it. 

These results agree with those which 1 made upon gutta percha 
which had been exposed to the light of day for the shorter period of 
two months. ‘This specimen had become quite brittle, had increased 
in weight 3-6 per cent., and yielded 21-5 per cent. of resinous matter 
soluble in alcohol; whilst a piece of the same sheet kept in the dark 
had undergone no sensible change. 

Samples of sheet gutta percha were also subjected in November last 
to the action of the following liquids and exposed to diffused daylight: 

A. Boiled linseed oil. C. Stockholm tar. 
B. Linseed oil not boiled. D. Coal tar. 

When examined on the 4th of August, 1860, or at the end of nine 
months, these liquids were found not to have exerted any perceptible 
solvent action upon the gutta, which retained its texture and tenacity 
in all those portions which had been fairly submerged in the liquid 
and protected from the light and atmospheric air; but in those por- 
tions which had projected into the atmospheric air contained in the 
jar, where it was also exposed to the effects of diffused day-light, the 
texture had become rotten, and the material more or less brittle and 
resinous, 


All the liquids above-mentioned are ealculated to exclude oxygen | 


from the gutta percha, and thus they are enabled to exert a preserva- 
tive influence upon it, without, however, in any degree softening or 
dissolving its texture. Hence they are likely to be highly valuable 
agents in coating the insulating material. 


(To be continued.) 


Furnace Slags. 
From the London Mechanics’ Magazine, September, 1865. 

Dr. F. G. Finch read a paper “ On the Utilization of Blast Fur- 
nace Slags.” He said, within the last two or three years, by a process 
of slow cooling, a durable artificial stone had been produced at several 
iron works in France and Belgium, and was used for building purposes 
and as paving stones for roadways. The result had been satisfactory in 
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a pecuniary point of view. Having recently visited most of the places 
where the stone was produced, he would describe the plans adopted. 
The slag was allowed to run from the furnace in a fluid state into pits 
in the ground, eight or nine feet in diameter at the top, with sides 
sloping inwards to the bottom, the pits being three feet deep in the 
centre. The liquid hardened on the top, and the hardened mass rose 
as the pit filled. The furnaces were tapped every eight hours. The 
mass in the pits took nine or ten days to cool. It was quarried by 
means of large hammers and iron bars. The material thus obtained, 
except the crust on the top and a thin layer at the sides and bottom, 
was a hard, compact, crystalline stone, often resembling certain ba- 
salts. Of course, its quality depended on the nature and proportion 
of the materials with which the furnace was charged. That produced 
from cinder iron did not equal that produced in the manufacture of grey 
pig. The stone was found to have a high degree of resistance to crush- 
ing. It was largely used in France for paving, and was worked by 
masons into pieces of the form and size desired with facility, while the 
waste thus obtained was employed for macadamized roads. He had 
seen it where it had been laid down for three years. The French en- 
gineers spoké favorably of it, and the iron masters showed him proofs 
that, while this process got rid of.a cumbersome material, it was itself 
a profitable branch of industry. The great consideration in England 
to such a manufacture would be the space it would require. With three 
tappings a day, each tapping filling one pit, and ten days for cooling, 
30 pits would be needed, which would require a space of 2400 square 
feet. It was not often that so large a space could be made available 
at our iron works; but, on the other hand, it should be remembered 
that France was very deficient in stone suitable for paving. 
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On the Hydraulic Properties of Magnesia. By M. WU. Ste. Cuarre- 
DEVILLE. 
From the Proceedings of the Academy of Sciences of Paris, 

About seven years ago, M. Douy, an Engineer of the Salt-Spring 

. Company of the North, sent me some magnesia obtained by calcining 
the chloride of magnesium. It was a product of the processes invented 
by M. Balard for the utilization of the mother-waters of the salt 
springs, put in practice in France and also at Strassfurt in Prussia, in 
mines from which there is at present extracted considerable quantities 
of the chlorides of magnesium and potassium, and of sulphate of soda. 
This magnesia, which was anhydrous and in compact lumps, was 
left for several months in the running water under a hydrant in my 
chemical laboratory at the Normal School. It assumed a remarkable 
firmness, became hard enough to scratch marble, of which it had the 
density and tenacity, translucent in thin pieces like alabaster, and 
crystalline in geodes, which were formed in the interior of the mass. 
After six years of exposure to the air, this material is in no wise 
altered, and its analysis gave me the following results: 
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Water, _. ‘ ‘ ‘ je ‘ ‘ 27-7 
Carbonic acid, ‘ ; : i " 8-3 
Alumina and oxide of iron, ; A : 1:3 
Magnesia, ; 2 : ‘ a : ‘ 57:1 
Sand, ‘ ‘ : , . : i 5-6 

Total, . r ° < - 100-0 


The small quantity of carbonic acid found in this material shows that 
it is essentially formed of a crystallized hydrate, and that this hydrate, 
like brucite, does not attract carbonic acid and form a carbonate. 

To prove that this is the case, I prepared very pure magnesia by 
calcining the nitrate at a low red heat, and pulverized the mass finely 
enough to make with water a semi-plastic mass, which I allowed to 
remain for some weeks in boiled distilled water enclosed in a tube her- 
metically sealed.* 

The magnesia gradually combined with the water and assumed a 
hardness and compactness comparable with those of my former speci- 
mens. It also became crystalline and translucid. After drying in 
air it had the following composition : 


Water, ; ‘ ‘ . 31-7 39-7 
Magnesia, . ‘ J , 68:3 69-3 
Total, r . 1000 100-0 


It was, therefore, a simple hydrate of magnesia. I made with this 
substance, medals cast as with plaster, and they set under water, pre- 
senting the appearance of marble.t 

The magnesia of M. Balard, when calcined at a bright red heat, has 
hydraulic properties, which show themselves with a wonderful rapid- 
ity and perfection. Calcined at a white heat for twelve hours, pul- 
verized and made into a paste, it does not set unless it be left for sev- 
eral weeks in contact with the air, and even then it hardens slowly, so 
that its hydraulic properties appear to be almost lost. 

A mixture of chalk, or of marble, and of magnesium pulverized, fur- 
nishes with water a slightly plastic paste, which moulds well and gives, 
after remaining some time in water, products of very great solidity. 
I intend to try this material for casting busts in artificial marble, the 
qualities of which may be very important if my expectations are fulfilled. 
All my experiments have been made heretofore with a mixture of equal 
parts of marble and magnesia.{ Fontainebleau sandstone gives with 

* If the pulverised magnesia be tightly packed at the bottom of the glass tube, and 


water poured on it, the tube will soon be broken by the formation of a compact hy- 
drate of greater volume than that of the calcined magnesia. 


+ I speak here only of the magnesia obtained by calcining the chloride or the ni- 
trate of magnesium. As to the light magnesia prepared by means of the hydro- 
carbonate, it gives on hydration a less tenacious talcose product, to which I shall 
refer again. 

t M. Damour has published in the Bulletin de la Societé Geologique (2d series, 
vol. iv., 1846) the analysis of a mineral, predazzite, composed like my artificial 
stones, of carbonate of lime and hydrate of magnesia, M. Damour considered this 
substance as formed by a mixture in which the carbonate of lime is cemented by th: 
hydrate of magnesia. My experiments confirm manifestly this explanation. Pre- 
dazzite is composed of carbonate of lime 63, hydrate of magnesia 85°1, foreign sub- 
stances 11:9. 
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magnesia a product still more remarkable on account of the grain 
which it has and its strength. 

Plaster of Paris mixed with magnesia undergoes alteration under 
water and diminishes its hydraulic properties. 

My experiments on these mixtures suggested to me the idea of cal- 
cining, at a temperature of from 300° to 400°, (572° to 752° Fahr.,) 
dolomites tolerably rich in magnesia, to make them into paste with 
water and try them as cements. These materials differ from poor lime 
only in having been cooked at a temperature far below that of the 
kilns, and they have properties essentially differing from them. The 
dolomite treated at a low temperature set under water very rapidly, 
and gives a stone, the hardness of which is really extraordinary. The 
specimen which I have the honor to submit to the Academy was pre- 
pared with the dolomite which Messrs. Bell of New Castle, employ 
for making magnesia by the Pattinson process. 

If the dolomite is heated more strongly, so that a little lime is 
formed in the mass, this lime does not yet interfere with the setting, 
but it separates in fine crystalline veins which are perfectly pure 
arragonite and free from magnesia. The crystals of this carbonate 
are perfectly visible under the lens and are all prismatic so as to leave 
no doubt as to their form. The complete absence of carbonate of mag- 
nesia from this material proves once more the correctness of my bro- 
ther’s observations upon the incompatibility of lime and magnesia when 
their compounds assume certain crystalline forms. 

When dolomite is heated to redness the carbonate of lime is trans- 
formed into quick-lime, and the product entirely calcined, pulverized 
and made into a paste immediately loses all consistence in water. 

In all these experiments the magnesia is the hydraulic material 
which cements, as it hydrates, the particles of intact carbonate of lime, 
exactly as in artificial mixtures of magnesia and marble, and makes a 
compact and homogeneous stone. 

M. Paul Michelot has been kind enough, at my request, to expose 
all these magnesium materials to the action of the sea, at Boulogne, 
and up to this time, after a long trial, they have resisted. But these 
experiments are not yet finished, and I desire to leave this skilful en- 
gineer to publish his final results. 

Other experiments have been tried, at my suggestion, upon feebly 
heated dolomites. According to the brief report which M. Michelot 
has been kind enough to make to me, they entirely confirm my results. 
The facts contained in this note prove the perfect hydraulic character 
of pure magnesia by the formation of a definite hydrate. They explain 
the successful attempts of M. Vicat to introduce magnesia into marine 
cements; and permit me to hope that by means of them the arts may 
utilize a substance which has been, thanks to the admirable processes 
of M. Balard, put at their disposal at a low price and in indefinite 
quantities. 
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Proceedings of the Stated Monthly Meeting, January 17th, 1866. 


The meeting was called to order with the President, Wm. Sellers, 
in the chair. 

The minutes of the last meeting were read and approved. 

The minutes of the Board of Managers were reported, including the 
following donations to the library: From the Massachusetts Institute 
of Technology, Boston, Massachusetts; Charles Cologné, Esq., Wash- 
ington, D.C.; Professor John F. Frazer and the American Philosophi- 
cal Society, Philadelphia. 

The Annual Report of the Board of Managers was then read and 
accepted. 

The minutes of the Standing Committees were reported, and the 
Special Committee on experiments in steam expansion reported pro- 
gress. 


SECRETARY'S REpoR?. 


Mechanics.—In a paper read before the Institute of Mechanical 
Engineers, by Mr. David Greig, it is stated that the means of apply- 
ing steam power to purposes of cultivation have been so far improved 
as to render this process practically successful under the conditions 
most favorable to its operation. The improvements which have in a 
marked manner contributed to this result are: Ist. The “ clip-drum”’ 
for giving motion to the wire rope by which the cultivating implement 
is moved. In this apparatus the rope is seized, in passing over the 
drum, by self-adjusting clips, which grasp it firmly at either side, thus 
preventing it from being flattened, and giving it sufficient hold with 
one turn, where otherwise, four would be required. 2d. The use of steel 
wire rope, which possesses remarkable strength. 3d. An ingenious 
contrivance for taking up the slack and preventing the rope from 
dragging, which action was found to increase the resistance tenfold. 
4th. The use of strong rather than light engines. The peculiar wedg- 
ing action of the plowshare was found to be far more efficient than any 
produced by rotary cutters. 

The Volta prize has been awarded to Fresnel for the invention of a 
new electric lamp, very superior in its structure to any hitherto used. 
The carbon points are not only caused to approach each other as they 
are consumed, but are also separated if they come too close, this ac- 
tion being accomplished by two clock movements, (tending to produce 
opposite motions,) one or other of which is liberated at a time by an 
escapement, controlled by an electro-magnet whose force varies with 
the quantity of the current passing, and is thus very sensitive to any 
change in the distance of the points. 

A piece of apparatus was lately exhibited in England, invented by 
a Mr. Kirk, in which water was frozen by the expansion of previously 
condensed and cooled air. 

In connexion with this statement, Mr. Coleman Sellers remarked: 
An apparatus of this kind was made in Cincinnati thirteen or fourteen 
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years ago, intended for New Orleans, and was put in successful ope- 
ration. I was present at the time the experiments were made. The 
reservoir for air was very large, twelve feet long by forty-eight inches 
in diameter, made of heavy boiler plate. Air was forced into this by 
a beam engine. The air being forced into this vessel, the heat gene- 
rated by the compression was allowed to pass off, and the air then 
allowed to expand in a vessel, where the freezing was accomplished, 
part of the force existing in the compressed air, however, being util- 
ized in an intermediate cylinder. The greatest difficulty encountered 
was in making a boiler which would be air-tight at high pressures. 
The air leaked through the substance of the iron. By some means, 
however, possibly by coating with copper or tin, a thoroughly air-tight 
vessel was obtained. 

It is stated that Carré’s apparatus for obtaining cold by the use of 
ammonia has been applied with success to the extraction of a double 
chloride of magnesium and potassium from the mother liquor left in 
the salt pools in which sea-water has been evaporated at Montpellier, 
in the south of France. 

An improvement in the Lenoir gas engine by M. Hugon is men- 
tioned, which consists in an arrangement by which the explosive mix- 
ture in the cylinder is ignited by small gas jets, which are themselves 
relit in turn, when extinguished, by another. This obviates the nume- 
rous inconveniences and expenses arising from the use of a battery 
and induction coil, as in the original machine. 

Clay for moulding may be rendered permanently moist, according 
to a writer in the London Mechanics’ Magazine, by using a strong 
solution of chloride of calcium. 

In a catalogue of apparatus by the famous French maker Salleron, 
presented to the Institute by that gentleman, and kindly forwarded, 
with other valuable and interesting matters, by Mr. James Swaim, we 
notice, among other things, the drawings and description of a very 
curious piece of apparatus, illustrating the action of the Giffard Injec- 
tor. A cylindrical glass reservoir with metal ends, in one of which 
is an inward opening valve, is placed horizontally, with a small air- 
gun, supplied with air from the same reservoir, pointed exactly at the 
valve. The reservoir is charged by a condensing air-pump, the cham- 
ber of the gun receives its supply from this, a ball is placed in its bar- 
rel, and then it is discharged, whereupon the ball is driven against the 
valve which it opens, and enters the reservoir against a pressure ex- 
actly equal to that which caused its own motion. 

Chemistry.—A new application of paraffin has been made by Dr. 
Stenhouse, of England. He mixed that substance with a few per cent. 
of linseed oil, and then saturates with this mixture canvas for tents or 
awnings and like materials, thus rendering them water-proof. Leather 
treated in a similar manner has great advantage when made into boots 
and shoes, as it is freed from the destructive action of alternate wet- 
ting and drying. 

Mr. Barrett observes that sand paper will emit a phosphorescent 
light for some moments after a hydrogen flame had played upon it. 
A new process for obtaining caustic soda is announced by Mr. A. 
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G. Hunter, of England. Sulphate of soda in solution is mixed with 
burned lime and subjected to great pressure, when, according to this 
gentleman, sulphate of lime will be formed and caustic soda left in 
solution. 

Thalium has been found in notable amount, by Bunsen, inthe water 
which has been used for washing the pyrites of Rammelsberg, at Ju- 
liushutte, and by Professor Bischoff, of Lausanne, in an ore of man- 
ganese, which contains as much as one per cent. of thalium. 

The editor of the British Journal of Photography speaks with high 
approbation of the rectified wood spirits or methylic alcohol as a sol- 
vent for gun-cotton, in place of the mixture of alcohol and ether now 
used in the preparation of photographic collodion. 

Gun-cotton is being largely used in California and Nevada. At the 
new Almaden Quicksilver Mines it is very extensively employed. Mr. 
C. E. Hawley, the chief engineer, says that its most valuable property is 
its freedom from smoke, which leads to a great saving of time in the 
works, as the miners are not obliged to wait for some time that the 
smoke may clear away after firing blasts, as is the case with gun- 
powder. 

A brass, composed of 60 parts copper, 38 zine, and 2 of iron, is 
said to bear forging at a red heat, and to resist a breaking strain of 
27 tons per square inch. 

A very curious experiment, illustrating the manner in which plati- 
num will cause the formation of certain chemical compounds by its 
mere presence, is published by the German chemist, K. Kraut. Oxy- 
gen gas is caused to pass in bubbles through some aqua-ammonia con- 
tained in a flask, in which is hung a spiral of platinum wire heated red- 
hot. Under these circumstances heavy fumes of nitrite of ammonia will 
be formed, developing heat enough to keep the wire red so long as the 
flow of oxygen and supply of ammonia from the solution lasts. 

(This experiment was here performed by the Secretary.) 

Mitscherlich, at the conclusion of a paper in which he recounts the 
results of a long and elaborate study of the metalloids with the spec- 
troscope, states his opinion to be that all these bodies are not elements 
but compounds. 

To amalgamate dirty zine plates for a galvanic battery, set them in 
a dish with 3 ozs. common muriate acid, 1 drachm of a saturated so- 
lution of corrosive sublimate, and } oz. of mercury, and smear the 
mercury over the plate. 

The Commissioners of the Belgian government have reported favor- 
ably as to the efficiency and inoffensiveness of a new gunpowder for 
blasting, manufactured by Messrs. Schiffer & Budenbérg, of Buckau, 
Magdeburg, and Manchester. 

In the last number of the Philadelphia Photographer is a very in- 
teresting article On the Solar Spectrum, by Professor Rood of New 
York. Among other facts noticed is this curious one, that blue and 
yellow, mingled by rapid motion, as this disk turned by the whirling 
machine, will not produce green, as is commonly supposed, but flesh 
color. (This fact was demonstrated by experiment.) 
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A very simple and ingenious method of demonstrating some of the 
actions concerned in wave motions, owes its development to this same 
gentleman. Two glass slides, capable of moving in the ordinary magic 
lantern, are covered with black varnish. On one of these a series of 
equal and equidistant vertical lines are scraped clear, while upon the 
other a single horizontal wave line is in like manner produced, These 
plates being placed together in the lantern, a wave line will be shown 
on the screen made up of detached blocks. If, now, the slide having 
the undulating line on it be moved horizontally, a progressive motion 
of the wave will be shown without any progression of the individual 
particles. 

(This arrangement was then exhibited.) 

A glass photograph of a part of the ie spectrum, made by Mr. 
L. M. Rutherfurd of New York, was then shown in the lantern, and 
its relative position in the spectrum described ; the fact also being 
noted that these photographs showed twice as many lines as were to 
be found in the elaborate plates of Kirchoff. 

Professor Fairman Rogers then presented to the meeting a photo- 
graph on glass of the moon, made also by Mr. L. M. Rutherfurd of 
New York, and remarked, in connexion with this subject, that Mr. 
Rutherfurd had succeeded in producing more perfect pictures of the 
moon than any other experimenter, either in this country or abroad. 
These were obtained by the use of a telescope expressly arranged for 
this purpose, whose lenses had been corrected for the more refrangible 
or actinic rays by Mr. Rutherfurd himself. The correction was accom- 
plished by a process of local grinding; constant experiments being 
made by means of photography to determine from time to time what 
effect was being produced upon and what was yet needed by the lens. 
The greatest credit is due to Mr. Rutherfurd for the time and care, as 
well as skill, which he has devoted to the construction of this instru- 
ment, and to its use. 

At the conclusion of these remarks the Tellers of the Annual Elec- 
tion for Officers, Managers, and Auditor, to fill the vacancies of those 
whose term of office has expired, reported the result as follows: 

President, William Sellers. 

Vice President, (three years,) John H, Towne. 

Secretary, Henry Morton. 

Treasurer, Frederick Fraley. 

MANAGERS. 
(For one year.) (For two years. ) 

William B. Bement. John Rice. 
Edward Y. Townsend. 


(For three years.) 


Washington Jones. James S. Whitney. 

Charles H. Cramp. James Dougherty. 

Pliny E. Chase. J. Vaughan Merrick. 

Charles 8. Close. Robert C. Cornelius. 
AUDITOR. 


Samuel Mason. 


The meeting was then, on motion, adjourned. 
Ii. Morton, Secretary. 


139 


Annual Report of the Board of Managers of the Franklin Institute 
Sor the Year 1865, 

In accordance with the By-Laws, the Board of Managers presents 

its Annual Report of the condition of the affairs of the Institute. 

Soon after the beginning of the last year, an examination was made 
of the present Institute building, and the advantages and drawbacks 
attending a change of location were fully discussed. From the con- 
siderations thus made apparent, it was determined to execute exten- 
sive alterations and repairs, by which the present building might be 
rendered adequate to the purposes of the Institute, and attractive to 
those whom it was designed to accommodate. The execution of these 
alterations and improvements was placed in the charge of a committee, 
and with the beginning of the summer, when the building was less used 
than at other seasons, this work was commenced. 

Notwithstanding the unprecedented difficulty in securing skilled la- 
bor which has marked the last season, these improvements have pro- 
gressed in a satisfactory manner, and may be now said to approach 
completion, and have cost about $7000. The work accomplished may 
be briefly expressed as follows : 

A substantial and permanent slate roof has been put upon the whole 
building. The library and reading room has been enlarged so as to 
afford additional case room nearly equal to its whole original capacity. 
This change was demanded by the condition of the books, which were 
placed two deep in nearly all the cases, with additional crowding, which 
rendered any complete systematic arrangement out of the question. 
Large additions of new and important works have been made to the 
contents of the library, and the whole arranged in a convenient and 
accessible manner. The reading room and adjacent offices have been 
entirely refurnished, and rendered not only comfortable but highly 
attractive in their appearance and accommodations. 

The lecture room has received most extensive alterations; each of the 
ascending platforms constituting the floor surface have been widened 
to secure comfort to the audience, and furnished with cane-seated chairs 
in place of the wooden benches formerly in use. A new lecture table, 
containing a large leaden pneumatic cistern properly furnished with 
inlet and outlet pipes, has likewise been added, and the space in rear 
of this inereased to a depth of twenty feet, by which means optical 
experiments and illustrations of other subjects by optical apparatus 
may be developed with a facility and success equalled nowhere in this 
city. The whole arrangement for lighting this room has been recon- 
structed and proves itself both efficient and admirably under control. 
The laboratories adjoining the lecture room have been thoroughly re- 
paired, furnished with new cases, with gas and water supply, and with 
an evaporating closet so as te answer efliciently to the demands of mo- 
dern experimentation. 
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Lastly, the cellars of the building have been cleaned, opened, and 
repaired, and supplied with two furnaces of the most improved construc- 
tion for heating the lecture and reading rooms. 

By the report of the Treasurer it will be seen that the receipts and 
payments during the past year have been as follows: 

Balance in the Treasury, January 1, 1865, : : ‘ ‘ ; $ 510 91 
Receipts during the year, ‘ ‘ : , ‘ ‘ : 39631 79 
29942 70 


The payments have been— ‘ ; ‘ , , i ; B8040 O8 
pay 


Leaving a balance in the Treasury, January 1, 1866, of— . $ 1002 62 


ee 


The indebtedness of the Institute is— 
Amount of 5 per cent. loan, . ; F : ? ; $ 12250 00 
Interest due theron, ; : : “ : ; : $325 00 
Temporary loan, . ‘ ‘ ° ‘ , , ; , 2500 0 


~ 19075 00 


pitt 


Annual interest payable on 5 per cent loan, ° P ° ° 612 50 


The number of life members now on our list is 616, and of contri- 
buting members in good standing 629, to which should be added 58 
holders of stock of the second class, and 30 holders of 10 or more 
shares of the first class, who are not also life members, making the 
total number of members 1433. 
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The number of new members elected during the vear is— 
Of stockholders having members’ privileges,. 


! 


Total, 
Members resigned, 
= died, . 


os ISIE SA et 


et gah 


Leaving a total gain during the year of— 


It is to be recommended to all the members and friends of the Insti- 
tute to secure, if possible, the disposal of the entire stock of the Insti- 
tute, by which its permanent success would be placed upon a secure 
basis. It is also to be remembered by holders of stock, that they not 
only enjoy the advantages of the Institute at a cheaper rate than mem- 
bers, but have beside an ownership in the Institute. The holder of 
ten shares enjoys likewise all the privileges of membership, without the 
ew of any annual fee, and may besides bequeath this privilege to 
is survivors or assign it to another. 


WILLIAM SELLERS, President. 
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A Comparison of some of the Meteorological Phenomena of DeceMBER, 1865, with 
those of DECEMBER, 1864, and of the same month for FIFTEEN years, at Philadel- 
phia, Pa. Barometer 60 feet above mean tide in the Delaware River. Latitude 39° 
574’ N.; Longitude 75° 11)’ W. from Greenwich, By J. A. Kinkrarrick, A. M. 


December, December, December, 
1865. LS4. for 15 years. 


Thermometer—Highest—degree, . 63-002 59-4)? 71-00° 
‘ date, 27th, 7th. 2d, °& 


Warmest day—mean, = 55°33 p25: 62-80 


6 date, 4th. od. 2d.’ 
Lowest—degree, . 17-00 12-0 4°50 
“ date, : 15th. 2th. 19th, ’ 
Coldest day—mean, 21-67 67 11-00 
“6 +s date, . 15th. th. 18th, °56 
Mean daily oscillation, 11-23 O-8: 12°11 
“ “ range, . 6-85 ' 6-48 
Means at 7 A.™M., . 85-54 32 92 32-03 
“ 4 ey ae 40-82 B8°5 30-51 
3 we. Mi BH°05 85-95 S4-R4 
“ forthe month, 37-70 35-82 35°39 
Barometer—Highest—inches, a“ 30-424 ins. 30-411 30-678 ins. 
4“ date, . “ 23d. 9th. 18th, 56. 
Greatest mean daily press. 30-399 30-362 30-611 
“ date, . ‘ 23d. Mth. 18th, 56. 
Lowest—inches, . . 29-405 29-071 28-046 
“6 date, . ; 2Zist. 21st. 9th, °5 
Least mean daily press., 20-535 20-275 29-176 
s date, . ; Ist. 21st. th,’ 
Mean daily range, ‘ 0-205 0-265 O-215 
Means at 7 A.M 29-045 24-801 2U-O50 
PU SUU 29-730 
20-946 29-782 
for the month, . 20-930 |} 29-771 
Force of Vapor—Greatest—inches, 0-509 in, | O-458 i 
sa date, ° 27th. 7th. 
“OOS O52 
sed ‘ 22d. 12th. 
Means at7 A. M.,. "177 152 
‘ 20. Mics “180 “161 
“ or. 4 “182 “169 
« forthe month, “180 ‘161 
lative Humidity—Greatest—per ct., 07-0 per ct 02-0 per ct. 100-0 per ct. 
“ date, ‘ 2d. often, 
Least —per ct., oe 200 25-0 
“ date. . Dt Ist. 15th, ’61. 
Means at 7 A. M., ‘ 
$e 2 P. M., 
9 Pp. M.., 
‘* for the month 
Clouds—Number of clear days,* 
” st cloudy dlaty 8, 
Means of sky cov’ dat 7 A.M., 
ie ” (ye 
+ 66 oP. M., 
for the month 
Rain and melted snow—Amount, 5-677 ins. 4-754 ins. 3-842 ins. 
Lv7 


, ‘ ° ° . » 
No. of days on which rain or snow fell, 12 
‘ 2° 54/w 158 N62°39/w -268 


Prevailing Winds—Times in 100), N6S°27’w +239 s 


ad Sky one-third or less covered at the hours of observation. 
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those of 1864, and of the last FOURTEEN years, at Philadelphia, Pa. 
6) feet above mean tide in the Delaware River. 
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A Comparison of some of the Meteorological Phenomena of the YEAR 1865, with 


75° 11}/ W. from Greenwich. 


By J. A. Kirkpatrick, A. M. 
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